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The  Yellow  Berry  Problem  in  Kansas  Hard 
Winter  Wheats. 


PART  I. 

One  of  the  most  serious  problems  which  the  wheat-growers 
of  the  Kansas  hard  wheat  districts  have  to  contend  with  is 
that  of  the  so-called  "yellow  berry."  The  wheat  of  this  region 
produces  normally  a  hard,  flinty,  translucent  grain,  of  medium 
size  and  of  a  clear  dark  reddish-amber  color.  By  the  term 
"yeUow  berry"  is  meant  the  appearance,  in  wheat  of  the  above 
description,  of  grains  of  a  light  yellow  color,  opaque,  soft  and 
starchy.  These  opaque  yellow  grains,  constituting  what  are 
called  the  "yellow  berries,"  may  have  this  character  through- 
out ;  but  sometimes  from  a  small  fraction  to  half  of  a  grain  will 
be  yellow  and  starchy,  while  the  remainder  of  the  kernel  will 
be  hard,  flinty  and  translucent.  The  difference  in  color  be- 
tween the  flinty  grains  and  the  "yellow  berries"  is  due  to 
difference  in  the  structure  and  contents  of  the  cells  of  the  en- 
dosperm. 

According  to  Hackel,^  if  the  albuminoids  so  fill  up  the  inter- 
vals between  the  starch  grains  that  the  latter  seem  to  be  im- 
bedded in  cement,  the  albumen  appears  translucent,  and  the 
fruit  is  called  "corneous" ;  but  if  the  union  is  less  intimate  there 
remain  numerous  small  air-cavities,  the  albumen  is  opaque,  and 
the  fruit  is  mealy. 


1.    E.  Hackel,  'The  True  Graases,"  p.  26. 
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Lyon  and  Keyser,^  as  the  result  of  their  studies  on  the  in« 
temal  structure  of  the  wheat  kernel,  say  (p.  35) : 

''The  protoplasmic  network  of  the  cells  in  the  sections  from  the  very 
homy  kernels  showed  only  an  occasional  vacuole;  sections  from  the 
markedly  yellow  kernels  showed  very  much  more  numerous  and  larger 
vacuoles,  measuring  on  the  average  less  than  0.001  millimeter.  Medium 
ydilow  berry  kernels  had  fewer  and  smaller  vacuoles  than  the  markedly 
yellow  kernels.'' 

These  writers  also  found  that  in  the  yellow  berries  the  starch 
grains  in  the  cells  were  larger  in  diameter  than  in  the  flinty 
kernels,  although  not  so  large  as  in  the  typical  starchy  wheats. 
The  following  table  indicates  the  range: 


TABLE  I. 

VARIBTy. 

Siseof  Iarg«r 
starch  ffrains,  mm. 

SiseofmwUmr 
starch  ffrmins,  mm. 

Sonora  fa  soft,  starchv  wheat) 

0.02817 
0.01704 
0.01409 

0.005684 

Turkish  Red  ( yellow  berry) 

0  008081 

Turkish  Red  (flinty  kernels) 

0  002817 

This  agrees  with  Cobb,  who  says':  "It  is  noticeable  that 
when  the  grain  is  rich  in  nitrogenous  matter  the  number  of 
large  starch  granules  is  smaller/' 

The  yellow  berry  may  then  possibly  be  regarded  as  an  im- 
perfect product,  in  which  the  spaces  in  the  cells  which  are  nor- 
mally filled  with  proteids  (gluten)  contain  merely  water, 
which,  drjing  out  with  the  ripening  of  the  kernel,  leave  air- 
spaces which  are  responsible  for  the  opaque  appearance  of  the 
kernel.  In  addition  to  this  fact  is  the  further  one  that  per 
unit  of  volume  of  the  yellow  berry  kernel  there  may  be  a 
smaller  amount  of  starch  than  in  the  flinty  grains,  on  account 
of  the  greater  size  of  the  individual  starch  grains.  From  the 
standpoint,  therefore,  of  both  gluten  and  starch,  the  yellow^ 
berry  is  probably  an  inferior  kernel,  and  from  the  economic- 
standpoint  it  may  be  regarded  as  a  degenerate  product. 

It  should  further  be  emphasized  that  the  bleached  opaque- 
grains,  due  to  weathering,  are  not  "yellow  berries."  In  weath- 
ered kernels  the  grain  has  an  opaque  iand  rather  dirty  grayish- 
yellow  aspect,  which  appearance  affects  the  grading  of  the 
grain  adversely,  but  is  not  necessarily  associated  with  an  in- 

2.  winter  Wheat  T.  L.  Lyon  and  A.  Keyser*  Nebraska  Bxpertment  Statloiu 
Bull.  89  (June»  1005). 

3.  Cobb,  N.  A.,  in  AQrUmliural  OijmeiU,  New  South  Wales,  vol.  XV,  part  6,  p.  512^ 
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ferior  condition  of  the  kernel^  although  such  frequently  is  the 
result  of  exposure  to  the  weather. 

This  distinction  between  weathered  grains  and  yellow  berry 
has  been  dwelt  upon,  because,  to  judge  from  the  literature  upon 
the  subject,  much  confusion  concerning  these  characters  ex- 
ists, not  only  among  farmers  but  also  among  experiment  sta- 
tion men. 

The  yellow  berry,  then,  appears  to  be  distinctly  a  physio- 
logical growth  product,  due  to  certain  conditions  thus  far  not 
clearly  analyzed  or  satisfactorily  explained  in  any  of  the  ex- 
periment station  publications,  and  the  causes  of  which  have 
constituted  the  object  of  the  investigations  which  this  bulletin 
reports. 

PHYSICAL  CHARACfTERS  OP  THE  YELLOW  BERRIES. 

In  addition  to,  and  in  consequence  of,  the  structural  char- 
acters alluded  to,  viz.,  the  presence  of  numerous  vacuoles  in 
the  endosperm-cells,  filled  with  air,  which  in  the  corresponding 
flinty  grains  of  the  same  variety  are  filled  with  gluten  (pro- 
teids) ,  there  are  found  to  exist  some  interesting  and  important 
conditions  with  respect  to  weight  and  specific  gravity.  The 
presence  of  air-vacuoles  doubtless  accounts  for  the  lighter 
weight  and  the  uniformly  lower  specific  gravity  of  the  yellow 
berry  kernels.  Owing  to  the  higher  specific  gravity  of  the  car- 
bohydrates in  the  wheat  kernel  (starch  1.53,  sugar  1.60,  cellu- 
lose 1.53),  as  compared  with  the  proteids  (gluten  1.297),*  it 
would  necessarily  follow  that  the  true  starchy  wheats  are  the 
heaviest  wheats  and  possess  the  highest  specific  gravity. 

TABLE  n/ 


AvertLge 

pounds per 

bushel. 


Aveniffe 
weiffht  of 
lOOirrains. 


Aveniflre 
percent, 
of  carbo- 
hydrates, 

f St  and 
crude  fiber. 


Aver- 
age per 
cent,  of 
nitro- 
gen. 


Hard  spring,  hard  winter  and  semi-hard 
winter  wheat  districts 

Soft  wheats  and  Southern  wheat  dis- 
tricts   

Irri^tion  and  Pacific  Coast  wheat  dis- 
tricts  


57.1 
57.6 
58.9 


3.368 
3.433 
4.045 


75.06 
76.06 
78.03 


2.01 
1.86 
1.62 


^  Compiled  from  reports  of  the  V.  S.  Dept  of  Agrlcnltore. 

The  degree  of  correspondence  that  there  may  be  between  the 
particular  kmd  of  starchy  grain  appearing  in  hard  wheat  and 

4.    KOrnicke  nnd  Werner,  Handbuch  des  (Jetreidebaues,  vol.  2,  p.  120  (1884). 
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known  as  "y^Uow  berry,"  and  the  ordinary  soft  and  starchy 
wheats  proper  of  the  Middle  states  and  the  Pacific  coast,  is 
not  known.  So  far  as  the  present  meager  physical  data  admit 
of  comment,  it  would  appear  that  the  starchy  wheats  of  the 
Pacific  coast,  and  to  a  less  degree  the  starchy  wheats  of  the 
Middle  and  Southern  states,  average  somewhat  higher  in 
pounds  per  bushel  than  the  hard  winter  and  spring  wheats. 
Whether  the  data  available  will  be  substantiated  by  more  rigid 
methods  of  determination  is  uncertain.  Whatever  may  be  true 
of  the  soft  wheats  of  the  Middle  and  Southern  states  in  this 
respect,  concerning  which  there  is  the  most  doubt,  it  certainly 
appears  true  that  in  some  parts  of  California  soft,  starchy 
white  wheat  grows  which  is  heavier  in  pounds  per  bushel  than 
the  hard  winter  and  spring  wheats.     (See  table  II.) 

Now  the  yellow  berry  does  not  resemble  this  tjrpe  of  soft 
wheat  in  respect  to  weight,  since  the  yellow  berries,  in  weight 
and  in  specific  gravity,  fall  below  the  flinty  kernels  of  the  same 
variety.  The  question  therefore  remains  open,  to  what  extent 
the  yellow  berry  is  a  varietal  trait,  and  to  what  extent  merely 
a  condition  brought  about  by  seasonal  influences,  whereby  it 
can  be  considered  a  degeneration  product,  containing  not  only, 
as  is  known,  less  protein  than  the  flinty  kernels,  but  also  less 
starch  per  unit  of  volume.  This  latter  point  is  an  interesting 
and  critical  one,  upon  which  the  writers  are  now  working. 
There  are  data  oh  hand  which  support  both  views  of  the  nature 
of  the  yellow  berry,  but  they  are  too  incomplete  to  warrant  any 
statement  whatever  at  the  present  time. 

The  essential  thing,  from  the  practical  standpoint,  is  to  dis- 
cover whether  pure  stocks  of  wheat  can  be  found  which  pro- 
duce constantly  a  minimum  amount  of  yellow  berry  in  the  hard 
wheat  region  in  seasons  and  localities  in  which  the  yellow  berry 
ordinarily  occurs. 

In  twenty-one  varieties  investigated  for  yellow  berry  at  this 
Station  by  the  Botanical  Department,  the  results,  with  respect 
to  weight  and  specific  gravity,  are  shown  in  table  III. 

The  data  embodied  in  this  table  were  obtained  as  follows: 
The  weight  and  volume  were  determined  for  200-grain  lots 
each  of  yellow  berry  and  of  flinty  kernels,  taken  from  the  same 
variety;  and  this  for  each  of  the  twenty-one  sorts  of  wheat. 
The  volume  was  determined  by  the  amount  of  95  per  cent, 
alcohol  displaced  by  200  grains  in  a  50  cc.  specific-gravity 
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TABLE  IIL 


Specific  gravity. 

Number. 

Yellow  berry 
aoo  grains). 

FUnty  kernels 
(100  grains). 

Yellow 
berries. 

Flinty 
grains. 

1 

2.767 
2  543 
2  616 
2.614 
2.720 
2.616 
2.721 
2.483 
2.846 
2  710 
3.384 
2.881 
2.735 
2.246 
2  749 
2  398 
2.041 
2002 
2.464 
2  584 
2.405 

2.824 
2.546 
2.636 
2.762 
2.582 
2.729 
2.891 
2.555 
3.167 
2664 
3.492 
2.995 
3  273 
2.818 
3  034 
2.429 
2  225 
2.149 
2.647 
2.732 
2.395 

1.306 
1.320 
1  318 
1  331 
1.299 
1  309 
1  319 
1.302 
1  311 
1.311 
1.273 
1.273 
1.268 
1.254 
1.291 
1.307 
1.307 
1.316 
1.314 
1.322 
1  333 

1.356 

2. 

1  337 

3 

1  368 

4 

1.353 

5 

6 

1.348 
1.389 

7. 

1.341 

8. 

9 

1.328 
1  343 

10 

11 

12 

1  319 
1  327 
1.312 

13. 

1.317 

14 

15 

1.304 
1.310 

16 

17 

18. 

1.32S 
1  315 
1.322 

19 

1.354 

20. 

1.337 

21 

1.346 

Averaffes 

2.596 

2  740 

1  304 

1.336 

bottle.  From  the  table  above,  it  is  seen  that  the  average  weight 
of  the  yellow  berries  per  hundred  was  2.596  grams,  as  against 
2.740  grams  for  the  hard,  flinty  grains.  There  were,  however, 
three  cases  in  which  the  absolute  weight  of  the  yellow  berries 
was  greater. 

For  the  specific  gravity  there  were  no  exceptions  to  the  rule 
that  the  flinty  grains  have  a  higher  specific  gravity  than  the 
yellow  berry  grains  of  the  same  variety.  In  the  above-men- 
tioned twenty-one  sorts,  where  the  average  specific  gravity  of 
the  yellow  berries  was  1.304  while  that  of  the  flinty  grains 
was  1.336,  there  can  be  no  escaping  the  conclusion  that  the  yel- 
low berries,  in  all  probability,  owe  this  lesser  specific  gravity 
largely  to  the  presence  of  numerous  air-cavities,  although  to 
what  an  extent  an  actual  diminution  of  the  carbohydrates  and 
the  inorganic  salts  of  high  specific  gravity  may  accompany 
this  is  not  known.  The  actual  loss  of  protein  involved  in  the 
production  of  yellow  berries  may  be  gathered  from  table  IV,. 
taken  from  bulletin  89  of  the  Nebraska  Experiment  Station^ 
to  which  reference  has  already  been  made. 
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TABLE  IV, 
Bull.  89,  Neb.  Exp.  Sta..  ix  SO  (1906). 


No. 


Description. 


Nitroflren. 


40 
41 
42 
43 
44 
45 
46 
47. 


Homy  red  (lightest  light),  1901 

Yellow  berry  (lightest  light),  1901.. . 
Homy  red  (Heaviest  heavy),  1901... 
Yellow  berry  (heaviest  neavy),  1901. 

Homy  red  (lightest  light),  1902 

Yellow  berry  (lififhtest  light),  1902.. 

Homy  red  (Heaviest  heavy)  1902 

Yellow  beny  (heaviest  heavy),  1902. 


2.23% 

1*83 

232 

1.70 

3.20 

3  10 

3.40 

2.90 


.     .....       X  ciiuw   uvtiy    \iicavicob  iix;n\y  /,  xuv^t A.%nj 

Average  for  Homy  red,  2.79  per  cent;  average  for  yellow  berry,  2.38 
per  cent. 

Now  it  is  a  clearly  defined  fact  that  loss  of  protein  (gluten) 
content  in  the  wheat  grains  means  diminution  in  flour-making 
value;  and  the  fact  that  grain  inspectors  reduce  the  grade  of  a 
hard  wheat  containing  yellow  berry  is  practical  evidence  to 
this  point.  ^ 

Snyder*^  explains  the  matter  as  follows : 

''It  is  generally  considered  that  the  more  amber  and  glutenous  wheats 
yield  a  higher  percentage  of  the  patent  flours  and  less  of  the  clear  and 
lower  grades,  while  the  Hghter-colored  or  starchy  wheats  show  a  ten- 
dency to  produce  a  higher  percentage  of  total  flour,  but  less  is  reeoteted 
as  patent  graded.  .  .  .  These  physical  characteristics  are  closely  asso- 
ciated with,  and  dependent  upon,  chemical  composition.  .  .  .  When 
two  types  of  seed,  light  and  dark,  were  selected  from  the  same  lot  of 
wheat,  the  darker  seeds  in  all  samples  analyzed  were  found  to  be  richer 
in  protein.  .  .  .  This  difference  is  observed  in  illustration  No.  120, 
showing  the  flinty  character  of  the  dark-colored  grains  and  the  starchy 
nature  of  the  light-colored  ones." 

IMP0RTANC5E  OP  THE  YELLOW  BERRY  PROBLEM. 

Because  of  the  fact  that  in  central  and  northern  Kansas  is 
produced  the  best  milling  wheat  in  the  United  States,  on  ac- 
count of  the  very  high  per  cent,  of  a  gluten  of  excellent  quality 
and  texture  which  this  wheat  yields  in  the  flour,  any  factor 
that  brings  about  deterioration  in  the  grade  of  this  wheat  calls 
for  serious  investigation. 

As  has  been  shown,  the  yellow  berry  is  such  a  factor,  inferior 
certainly  in  protein  content  and  probably  also  in  starch ;  lower 
in  specific  gravity  and  generally  also  in  absolute  weight  per 
bushel.  The  presence  of  the  yellow  berry  in  any  quantity  in 
our  hard  wheat  affects  unfavorably  its  commercial  grading  and 
its  market  price.    It  therefore  seems  to  the  writers  that  the 

5.    Harry  Snyder,  Bull.  90,  Minn.  Bxp.  Sta.  (Jan.,  1906),  pp.  83-185. 
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yellow  berry  problem  is  one  of  first  importance  in  connection 
witK  wheat-breeding ;  since  if  bv  any  means  wheat  races  can 
be  produced  in  which  the  physical  changes  resulting  in  the  yel- 
low berry  type  of  kernel  wiU  not  take  place  under  any  condi- 
tions, the  value  of  such  races  will  be  inestimable  to  this  state 
and  to  the  hard  winter  wheat  district  in  general. 

THE  INFLUENCE  OP  CLIMATE. 

It  has  long  been  known  that  in  cool,  moist  climates,  such  as 
the  maritime  regions  of  Western  Europe  and  of  our  north  Pa- 
cific coast,  the  wheats  there  grown  have  larger  grains,  are 
softer,  and  lower  in  percentage  of  proteid  nitrogen  than  the 
wheats  grown  in  the  continental  areas,  such  as  the  interior  of 
Russia,  the  Balkan  states,  Hungary  and  the  central  western 
states  in  this  country. 

Schindler,®  the  most  extensive  investigator  hitherto  of  the 
relation  of  wheat  to  climatic  factors,  says,  page  75 : 

''With  the  length  of  the  vegetative  period,  especially  with  the  extent  of 
the  interval  between  blossoming  and  ripening,  not  only  the  dimensions 
of  the  kernel  increase,  but  also  the  quantity  of  the  carbohydrates  stored 
therein,  while  the  protein  content  diminishes." 

Again,  page  32 : 

"It  is  not  justifiable  to  speak  of  the  size  of  the  kernel  and  the  protein 
content  of  the  berry  as  'race  characters.'  They  may  be  such  to  a  certain 
limited  extent,  but  the  influence  of  the  race  will  in  this  connection  be  far 
exceeded  by  the  influence  of  climate,  and  partly  also  by  that  of  soil  and 
cultivation.  .  .  .  The  mode  and  the  abundance  of  deposit  of  starch 
in  the  endosperm  depends  possibly  upon  the  climate  or  ui>oa  the  weather 
phenomena,  as  the  case  may  be,  especially  during  the  period  of  the  'milk.' 
In  regions  with  moist  warm  climates  and  a  long  vegetative  period,  the  in- 
terval from  fertilization  to  maturity  is  likewise  a  long  one,  and  during 
this  period  abundant  quantities  of  starch  can  be  formed  in  the  large  leaf 
surfaces  which  the  wheat  endemic  to  such  a  climate  is  apt  to  produce, 
and  which,  in  the  course  of  the  slow  development  of  the  grain,  can  be 
completely  transported  thither.  Externally,  the  extensive  storage  of 
«tarch  is  indicated  in  the  broad  form  of  the  kernel.  The  protein  content 
is  diminished  when  wheat  native  to  such  a  climate  is  transported  to  a 
hotter,  dryer  region.  At  a  time  when,  in  its  native  home,  it  continued 
'  undisturbed  in  the  transportation  of  starch  formed  in  the  leaves  to  the 
ovary,  here  lack  of  water  and  high  temperature  combine  to  bring  the 
growth  to  a  close  prematurely.  The  time  is  accordingly  shortened  for 
the  passage  of  starch  into  the  kernels,  and  even  though  the  intensity  of 
assimilation  in  warmer  regions  be  greater,  yet,  on  account  of  the  time 
limitations,  this  factor  cannot  wait  for  a  variety  which  is  not  adapted 
to  a  more  rapid  development.    .    .    .    From  these  considerations  it  un- 


6.   Franz  Schftadler,  '*Der  Weizen/'  Berlin,  1895. 
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disputably  follows  that,  even  in  one  and  the  same  locality,  and  with  the 
same  variety,  the  relation  between  protein  and  starch  must  be  a  variable 
one,  according  to  the  weather  conditions;  even  though  it  is  to  be  admitted 
that  individual  sorts  or  races,  as  the  case  may  be,  may  possess  for  them- 
selves an  especially  different  energy  of  assimilation.  It  is  certain,  how- 
ever, that  this  latter,  in  its  final  effect,  stands  far  behind  that  of  climate 
and  of  the  weather." 

We  have  quoted  thus  extensively  from  Schindler's  work,  be- 
cause, with  one  or  two  exceptions,  it  is  practically  the  only 
study  of  the  wheat  question  that  deals  with  the  problems  in  at 
all  a  fundamental  way. 

It  has  long  been  known  among  scientific  agronomists  that 
regions  characterized  by  a  hot,  dry  climate  of  limited  rainfall, 
and  in  which  the  final  maturing  of  the  wheat  hastens  fast  upon 
the  blossoming,  are  the  regions  in  which  the  wheat  grain  is 
hardest  and  highest  in  protein  content.  Such  regions  are  the 
"black  soil"  district  of  Russia,  much  of  the  Mediterranean 
coast  region,  the  table-lands  of  Hungary,  and  the  central  and 
northern  plains  region  of  the  United  States. 

It  is,  moreover,  well  known  that  seasonal  differences  in  the 
same  region  bring  about  marked  changes ;  that  a  hot,  dry  grow- 
ing season  results  in  a  lower  jdeld  of  wheat,  which  is  harder 
and  of  higher  protein  content;  while  a  moist,  cool  growing 
season  results  in  the  production  of  larger,  softer  grains  of 
lower  protein  content. 

So  much  for  the  general  phenomenon.  However,  the  yellow 
berry  problem  is  not  solved  by  reference  to  the  above  condi- 
tions. As  has  been  said,  the  yellow  berry  is  not  simply  a 
special  phase  of  the  general  phenomenon  of  a  relatively  greater 
proportion  of  starch  to  protein  deposited  in  the  grain  in  conse- 
quence of  a  longer  growing  season.  It  is  a  case  not  merely  of 
failure  to  form  the  normal  amount  of  gluten  but  probably  also 
of  a  corresponding  failure  on  the  part  of  the  plant  to  compen- 
sate by  a  relative  increase  in  the  starch  content. 

The  yellow  berry  problem  is  therefore  a  decidedly  special 
one.  Since  the  climatic  factors  are,  above  all  others,  prom- 
inent in  determining  the  composition  of  the  wheat  grain,  it 
remains  to  search  out  the  critical  period  in  the  plant's  life- 
history  when  its  susceptibility  to  the  formation  of  the  yellow 
berry  is  greatest,  and  to  ascertain  what  relation  the  climatic 
or  seasonal  factors  may  have  thereto.  It  is  clear  that  such 
knowledge  will  suggest  means  for  avoiding  the  economic  loss 
involved  in  the  production  of  the  yellow  berry. 
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NATURE  OP  THE  EXPERIMENTS. 

In  order  to  throw  more  light  on  this  phase  of  the  subject,  it 
was  determined  to  discover,  if  possible,  the  relation  between 
the  amount  of  yeUow  berry  produced  and  the  climatic  condi- 
tions for  the  growing  season  concerned.  During  the  years 
1906-'07,  128  varieties  of  wheat  were  grown  for  the  special  pur- 
pose of  investigating  the  yellow  berry  problem.  For  each  va- 
riety, careful  records  were  kept  of  the  date  of  planting,  the 
date  of  coming  up,  the  stand,  vigor  of  the  plants,  extent  of 
winter-killing,  time  of  first  and  full  heading,  date  of  ripening 
and  date  of  harvesting.  The  plots  were  very  closely  watched, 
and  each  was  harvested  immediately  after  it  was  considered 
fully  ripe.  In  harvesting,  the  heads,  after  being  cut  off,  were 
put  into  loose  cloth  sacks  and  taken  to  the  laboratory  the  same 
day  as  that  on  which  they  were  gathered.  After  drying  out 
thoroughly  under  cover,  the  product  from  each  plot  was 
threshed  separately  with  a  flail  and  was  caref uUy  winnowed  by 
hand.  It  is  thus  seen  that  each  sample  of  wheat  was  subjected 
to  exactly  the  same  manipulation  and  mode  of  treatment  during 
each  of  the  two  years  of  the  experiment.  The  existence  of 
yellow  berry  in  any  of  the  samples  could  not,  therefore,  be  at- 
tributed either  to  overripeness  or  to  exposure  to  the  weather 
after  the  grain  had  been  cut,  but  could  only  be  ascribable  to 
the  influence  of  the  weather  conditions  upon  the  growing  or 
ripening  grain  or  to  inherent  hereditary  tendencies  in  the  va- 
rieties themselves,  or  to  both. 

Each  lot  of  air-dry  grain,  after  cleaning,  was  thoroughly 
mixed,  and  a  representative  sample  of  100  grains  was  taken 
out.  Each  of  these  samples  was  then  separated  by  inspection 
into  two  lots,  containing  the  flinty  grains  and  the  "yellow 
berries,"  respectively.  As  a  criterion  for  classification,  it  was 
determined  to  consider  as  the  "flinty  grains"  only  those  that 
were  of  a  clear,  reddish-amber  color  throughout  If  a  kernel 
bore  even  one  or  two  small  opaque  starchy  spots,  it  was  classi- 
fied among  the  "yellow  berries." 

After  separation,  the  number  of  grains  in  each  lot  were 
counted,  and  the  percentage  of  yellow  berry  recorded.  To 
guard  against  the  influence  of  the  personal  equation,  and  to 
insure  all  of  the  results  being  comparable  with  one  another,  all 
of  the  work  of  separation  was  done  by  one  person.  Further  to 
safeguard  the  results,  the  operator  was  careful  not  to  notice 
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the  label  borne  by  any  sample  until  after  finishing  the  separa- 
tion and  counting  the  grains. 

CLIMATOLOGICAL  DATA. 

These  were  obtained  from  the  records  of  the  Phjrsics  De- 
partment. The  data  are  derived  from  self-registering  instru- 
ments on  the  college  campus,  located  about  one^fourth  mile 
from  the  wheat-breeding  plots  of  the  Department  of  Botany. 

For  purposes  of  comparison,  the  mean  temperatures  and  pre- 
cipitation for  each  month  during  the  wheat  vegetative  season, 
and  for  the  two  crop  years  of  1905-'06  and  1906-'07,  are  given 
in  table  V. 

TABLE  v. 


Month. 


M 6«n  tempeimtiue, 
Fahrenheit. 


190G-'06. 


19(»-'07. 


Preeipitatlon.  faichee. 


1906-'06. 


19(»-*07. 


September 

October , 

November 

December , 

January  

February , 

March 

April 

May 

June 

July 

Averages  and  totals, 
excluding  July  — 


72.10° 
64.20 

45.eo 

33.15 
38.82 
86.66 
82.80 
69.60 
66.74 
74.60 
76.13 


71.88<=> 

66.00 

40.09 

86.76 

29.69 

31.21 

61.19 

46.07 

69.24 

70.90 

78.68 


4.82 
2.19 
3.60 
0.00 
0.89 
1.60 
2.12 
2.26 
2.00 
6.78 
6.28 


4.62 
0.88 
2.18 
0.64 
1.38 
1.62 
1.37 
1.30 
1.10 
6.07 
6.46 


61.33<^ 


49.10° 


26.72' 


21.11 


The  wheat  varieties  included  in  the  experiment  were  planted 
from  one  to  nineteen  days  earlier  in  the  fall  of  1906  than  in  the 
fall  of  1906;  and  the  mean  autumn  temperature  and  the 
amount  and  distribution  of  the  rainfall  were  slightly  more 
favorable  in  1906.  We  may  therefore  reason  that  the  wheats 
probably  entered  the  spring  vegetative  period  of  1907  in 
slightly  better  condition  than  the  spring  period  of  1906.  The 
early  part  of  March,  1907,  was  extremely  warm,  but  the  subse- 
quent return  of  cold  weather  brought  the  mean  temperature  of 
April,  May  and  June  much  lower  than  for  the  corresponding 
months  of  1906. 

The  general  effect  of  these  conditions,  and  of  the  respective 
dates  of  the  planting,  upon  the  length  of  the  spring  vegetative 
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period  and  the  percentage  of  yellow  berry,  may  be  seen  in  the 
following  table: 


TABLE  VL 


1906. 

1907. 

Differ- 
ences. 

Number  days  from  planting  to  January  1 

90 
118 
267 

33 

95 
125 
279 

39 

5 

Number  days  from  March  1  till  ripe  

7 

Averafire  total  veflretative  season,  davs 

12 

Average  per  cent,  of  yellow  berry 

6 

INFLUENCE  OP  INDIVIDUAL  CLIMATIC  FACTORS;  CRITICAL  PERIODS. 

In  endeavoring  to  analyze  individually  the  influence  of  each 
of  the  chief  climatic  factors— temperature,  light,  air  move- 
ments and  precipitation — in  relation  to  the  growth  of  the  wheat 
plant,  and  especially  in  endeavoring  to  ascertain  the  share  of 
each  factor  in  determining  the  changes  resulting  in  the  "yellow 
berry,"  we  find  that  we  are  dealing  with  problems  of  the  most 
extreme  complexity  and  intricacy.  Only  by  means  of  adequate 
meteorological  apparatus,  by  the  preservation  of  full  and  accu- 
rate records,  by  using  a  large  number  of  varieties,  and  by  the 
extension  of  the  experiments  over  a  number  of  years,  can  we 
expect  to  overcome  the  influence  of  special  conditions  and  ob- 
tain representative  averages. 

So  far  as  our  investigation  is  concerned,  while  it  covers  but 
two  years  of  experimental  work,  and  while,  by  increase  in  the 
range  of  the  meteorological  data,  and  especially  by  the  exten- 
sion of  the  experiments  over  a  number  of  years,  the  writers 
hope  to  obtain  more  satisfactory  averages,  yet  the  results  thus 
far  are  so  striking  and  significant  in  certain  features  that  in 
our  judgment  they  merit  publication  as  far  as  completed. 

It  should,  however,  be  realized  that  the  results  thus  far  ob- 
tained must  of  necessity  be  treated  as  qualitative  rather  than 
quantitative,  and  as  preparing  the  way  for  the  more  detailed 
quantitative  researches  which  are  to  follow.  This  bulletin 
therefore  stands  as  a  preliminary  report  of  the  work  in  prog- 
ress, and  not  as  a  final  announcement  of  ultimate  results. 

RELATION   BETWEEN  DATE  OF  PLANTING,   AUTUMN   VEGETATIVE 
CONDITIONS  AND  THE  PERCENTAGES  OF  YELLOW  BERRY. 

For  the  purposes  of  this  investigation,  the  autumn  vegeta- 
tive period  is  taken,  roughly,  to  extend  from  the  date  of  plant- 
ing to  January  1.    The  latter  date  is  arbitrarily  selected  on  ac- 
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count  of  the  fact  that  in  the  Kansas  hard  wheat  regions  there 
are  frequently  rather  prolonged  warm  periods  extending 
through  much  of  November  and  December,  during  which  time 
the  extent  of  root  growth  and  the  amount  of  stooling  or  tiller- 
ing may  be  considerable.  From  January  1  to  March  1,  how- 
ever, and  frequently  later,  the  wheat  usually  remains  almost 
entirely  dormant. 

The  differences  in  the  fall  vegetative  conditions  of  the  wheat 
in  the  autumn  of  1905,  as  resulting  from  differences  in  the 
date  of  planting,  and  the  extension  of  these  effects  into  the 
ppring  of  1906  in  respect  to  the  percentage  of  yellow  berry,  are 
indicated  in  table  VII.  Here  it  will  be  seen  that  the  fall  vege- 
tative period  varied  from  ninety-four  to  seventy-six  days  for 
different  plots,  which  involved  a  variation  in  the  mean  tem- 
perature for  the  period  of  from  45.5**  to  41.1''  F.  The  per- 
centages of  yellow  berry  produced  from  the  different  plantings 
are  seen,  with  but  one  very  slight  exception,  to  decrease  di- 
rectly with  the  decrease  in  the  mean  temperature  for  the  fall 
vegetative  period;  or,  in  other  words,  with  the  diminution  of 
the  sum  total  of  the  achieved  autumn  growth. 

TABLE  Vn.    Relation  of  the  date  of  plantlnff  and  the  duration  of  the  fall  vegetative  period  to 
the  percentasree  of  yellow  berry— 190&-'06. 


No.  dasrs 

Mean 

Total  rain- 

Rainfall 

Rainfall 

Average 

Date  of 

No.  of 

fall  vege- 

tempera- 

fall. Sep.  1 

three  weeks 

three  weeks 

percent. 

planting. 

cases. 

tative 

ture. 

to  Jan.  1. 

before  plant- 

after  plant- 

of yellow 

period. 

deff.F. 

inches. 

ing,  inches. 

ing,  inches. 

berry. 

Sep.  28  . . . 

9 

94 

45  47 

10.11 

2  19 

0  72 

53  80* 

Sep.  29  . . . 

16 

93 

44.91 

10.11 

2.19 

0.72 

45.43* 

Sep.  30  . ; . 

25 

92 

44  84 

10.11 

221 

0.70 

27  20* 

Oct.    2... 

51 

90 

44  53 

10.11 

2.04 

0.73 

35  74* 

Oct.  11 . . . 

4 

81 

42  09 

10  11 

0.35 

1  86 

22.25t 

Oct.  16  . . . 

24 

76 

41.07 

10.11 

0.73 

3  95 

19.58t 

Averages, 

128 

899 

43.98 

10.11 

1.80 

1.36 

33.00 

*  Planted  in  moist  soil ;  germination  rapkL 
t  Planted  in  dry  soil ;  germination  slow. 

So  far  as  the  rainfall  for  the  period  is  concerned,  in  its 
effect  upon  the  young  plants,  the  differences  in  these  amounts 
are  small.  The  plantings  from  September  28  to  October  2, 
however,  went  into  moist  soil,  while  the  plantings  of  October 
11  to  16  were  in  rather  dry  soil,  with  consequent  delay  of 
germination  and  retardation  of  the  initial  growth  of  the  seed- 
lings. For  the  season  of  1905-'06,  then,  it  seems  that  the  mini- 
mum  of  yellow  berry  appeared  in  the  plantings  in  which  there 
was  a  minimum  opportunity  for  development  in  the  fall.    Just 
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what  relation  there  may  exist  by  way  of  cause  and  effect  be- 
tween these  two  sets  of  phenomena  will  appear  later. 

In  table  VIII  is  seen  a  similar  tabulation  for  the  season 
1906-'07: 

TABLE  VnL    Relation  of  date  of  plantinff  and  duration  of  the  fall  vegetative  period  to  the 
percentaffes  of  yeUow  berry— 1906-'07. 


Date  of  plantinff. 

Num- 
ber of 
cases. 

Num- 
ber of 
days  in 

veseta- 

Mean  tem- 
perature. 
Fahren- 
heit, 

Total 
rain- 
fall 
Sep.l 
to 

Jan.  1. 

inches. 

Rain- 
fall 
three 
weeks 
before 
plant- 
inff. 
foches. 

Rain- 
fall 
three 
weeks 
after 
plant- 
inff. 
inches. 

Aver- 

aff« 

per 
cent,  of 

September  26 

27 

39 
53 
14 
22 

96 
95 
94 
93 

44.54<^ 
44  28 
44  14 
43  98 

8.27 
8.27 
8.27 
8.27 

4.62 
4  62 
4.62 
4.62 

0  45 
0  45 
0.45 
045 

44  33 
37.22 

•*        28 

36.16 

29 

32.63 

Averages 

128 

94  8 

44  30 

827 

4.62 

0.45 

39.00 

A  comparison  of  the  data  for  the  two  years  shows  the  same 
diminution  in  the  percentage  of  the  yellow  berry  with  the 
shortening  of  the  total  time  of  the  fall  vegetative  period,  and  a 
corresponding  decline  in  the  mean  temperature  for  that  period. 
It  must  be  noted,  however,  that  the  planting  season  of  1905-'06 
lasted  over  nineteen  days,  corresponding  with  which  there  was 
a  decrease  in  the  average  amount  of  yellow  berry  of  from  54 
per  cent,  in  the  highest  to  20  per  cent,  in  the  lowest  case. 

On  the  other  hand,  the  planting  season  of  1906-'07  covered 
a  period  of  but  four  days,  and  there  was  a  correspondingly 
lower  range  to  the  average  percentage  of  yellow  berry  from 
the  different  plantings  of  from  44  per  cent,  in  the  highest  to  33 
per  cent,  in  the  lowest  case. 

The  average  fall  vegetative  season  of  1905-'06  was  five  days 
shorter  than  that  of  1906-'07,  and  whereas  the  rainfall  was 
slightly  more  favorable  in  the  former  period  the  tempera- 
ture was  somewhat  higher  in  the  latter.  It  may  therefore 
fairly  be  concluded  that,  disregarding  the  date  of  planting,  the 
fall  growing  season  was  equally  favorable  in  all  respects,  ex- 
cept in  that  of  mean  temperature,  for  the  two  years.  It  may 
therefore  be  assumed  that  the  reduction  in  the  total  length  of 
the  growing  period  with  the  later  plantings,  the  consequent 
lower  mean  temperature  for  the  period  of  fall  growth,  and  the 
necessarily  retarded  and  diminished  development  of  the  plants, 
is  in  direct  correspondence  with  the  subsequent  development  of 
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yellow  berry  in  the  spring,  at  least  so  far  as  the  data  for  the 
two  years  are  concerned. 

RELATION  BETWEEN  THE  SPRING  VEGETATIVE  CONDITIONS  AND 
THE  PERCENTAGE  OF  YELLOW  BERRY. 

The  spring  vegetative  period  for  wheat  in  this  region  is 
taken  to  be  the  time  from  March  1  to  the  date  of  ripening  of 
the  grain.  By  reference  to  the  following  table,  it  will  be  seen 
that  this  period  in  1907  was  twelve  days  longer  than  in  1906, 
and  that  this  difference  was  accompanied  by  an  average  in- 
crease in  yellow  berry  for  1907  of  six  per  cent,  over  the  aver- 
age for  1906.  The  extent  to  which  the  lengthening  of  the 
spring  vegetative  period  was  due  to  the  later  planting  in  1907 
is  shown  in  table  IX,  which  also  shows  the  relation  between 
the  date  of  planting  and  the  date  of  ripening : 

TABLE  DC.    Relation  of  length  of  sprins:  vegetative  period  to  length  of  fall  vegetative  period. 

1906. 


Length  of  fall  vegetative  period, 
days 

Number  of  cases 

Average  length  of  spring  vegeta- 
tive  period 


94 
9 

110.3 


15 
110.5 


92 
25 

119.6 


90 
47 

119.8 


81 
4 

119.0 


76 
27 

118.1 


1907. 


Length  of  fall  vegetative  period, 
days 

Number  of  cases 

Average  length  of  spring  vegeta- 
tive  period 


96 
40 

125.7 


95 
52 

124.6 


94 
14 

126.7 


93 
22 

128.8 


In  spite  of  the  fact,  previously  mentioned,  that  the  fall  sea- 
sons of  1905-'06  and  1906-'07  were  equally  favorable,  except 
for  the  disadvantages  entailed  by  different  dates  of  planting, 
it  is  seen  nevertheless  that  plantings  of  the  same  date  in  the 
two  years  did  not  mature  in  equal  periods,  but  that  the  spring 
vegetative  period  in  the  latter  year  was,  on  the  average,  six- 
teen days  longer  than  in  the  year  before  for  the  same  period. 
This  fact  can  only  be  explained  by  the  differences  which  might 
have  obtained  during  the  winter  or  spring.  Now,  since  the 
wheat  plants  are  practically  dormant  throughout  the  winter, 
it  is  more  than  probable  that  the  conditions  which,  independent 
of  the  date  of  planting,  caused  the  longer  spring  growing 
period  of  1907,  must  be  sought  in  the  weather  conditions  be- 
tween the  time  of  resumption  of  active  growth  in  the  spring 
and  the  time  of  ripening. 
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By  referring  to  table  V,  and  by  considering  the  spring  sea- 
son as  a  whole,  it  will  be  noted  that  during  March,  1906,  the 
weather  was  cold,  but  that  with  April  more  favorable  weather 
came,  both  as  to  temperature  and  rainfall,  and  that  these 
improved  conditions  prevailed  until  the  time  of  ripening. 

In  1907,  on  the  other  hand,  March  was  abnormally  warm, 
which  brought  about  an  early  rapid  growth  in  the  wheat 
plants.  This  favorable  weather  was,  however,  followed  by 
cold,  dry  weather  in  the  latter  part  of  March  and  the  early  part 
of  April,  which  moreover  persisted  throughout  April  and  May. 
June,  the  first  really  favorable  month  for  plant  growth,  was 
itself  colder  than  the  same  month  of  the  previous  year.  The 
effect  of  these  conditions  as  a  whole  has  already  been  men- 
tioned and  is  shown  in  table  VI. 

It  remains  to  analyze  the  seasonal  conditions  in  the  spring 
vegetative  period  in  detail,  and  to  discover,  if  possible,  from 
such  evidence,  the  critical  time  in  the  growth  of  the  plants 
when  the  influence  of  the  external  conditions  on  the  produc- 
tion of  yellow  berry  is  most  decisive. 

Assuming  the  two  weeks  preceding  ripening  as  the  critical 
period  in  question,  the  mean  temperature  for  the  two  weeks 
before  ripening  of  each  variety  was  calculated;  the  varieties 
were  arranged  in  groups  according  to  their  mean  tempera- 
tures, and  the  average  percentage  of  yellow  berry  in  each 
group  was  determined: 

TABLE  X.    Relation  of  mean  temperature  for  two  weeks  before  ripenins:  to 
percentage  of  yellow  berry. 

1906. 


Mean  temperature.  Fahrenheit. 

73° 

740 

75° 

76°    1   77° 

78° 

Number  of  cases 

41 
23 

20 

48 

53 
35 

7       0 
23       0 

7 

Averaj?e  per  cent,  of  yellow  berry 

32 

1907. 

Number  of  cases 

60 
45 

28 
32 

8 
25 

21 
28 

0       11 

Averacre  per  cent,  of  yellow  berry        

0 

47 

Total  average  mean  temperature:   1906,  75.06°  F. ;  1907.  74.84°  F. 
Tutal  average  per  cent,  of  yellow  berry:    1906,  33;  1907,  39. 

A  close  scrutiny  of  the  above  table  does  not  disclose  any 
definite  relationship  between  the  mean  temperature  for  two 
weeks  before  ripening  and  the  production  of  yellow  berry. 
If,  therefore,  there  be  any  such  relationship,  it  has  been  ob- 
scured, for  these  two  years  at  least,  by  other  factors.    If,  how- 
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ever,  we  make  a  similar  study  of  the  relationship  of  the  mean 
temperature  for  three  weeks  before  ripening  to  the  production 
of  yellow  berry,  we  find  results  which  are  more  uniform : 

TABLE  XL    Relation  of  mean  temperature  for  three  weeka  before  rlpeninar  to 
percentage  of  yellow  berry. 

1906. 


Mean  temperature.  Fahrenheit. 

72.6°  to 
78.6° 

78.6°  to 

74  6° 

74.6°  to 
76.6° 

75.6°  to 
76.6° 

Number  of  cases 

52 

44 

40 
25 

21 
22 

15 

Avera^re  per  cent,  of  yellow  berry 

35 

1907. 

Number  of  cases — 

Avera^re  per  cent  of  yellow  berry 

2 
73 

28 
50 

82 
32 

16 
47 

Total  average  mean  temperature:  1906,  74.13°  F.;  1907,  75.66°.   F 
Total  average  per  cent,  of  yellow  berry:  1906,  33;  1907,  39. 

Table  XI  seems  to  indicate  that,  in  general,  higher  mean 
temperatures  for  three  weeks  before  ripening  are  correlated 
with  lower  percentages  of  yellow  berry,  although  there  are 
several  exceptions. 

It  will  be  noted  that  as  the  mean  temperature  rises  there  is  a 
steady  decline  in  the  percentage  of  yellow  berry  in  both  years, 
until  the  highest  mean  temperature  is  reached  (last  column) ; 
and  that  here,  for  both  years,  the  percentage  of  yellow  berry 
has  increased.  In  this  last  column  fall  those  wheats  which 
ripen  late,  after  the  hot  weather  of  midsummer  begins. 

A  further  apparent  contradiction  to  what  seems  the  general 
rule,  as  exhibited  by  table  XI,  that  the  higher  the  mean  tem- 
perature for  the  three  weeks  before  ripening  the  lower  the  per- 
centage of  yellow  berry,  is  seen  in  the  fact  that  whereas  the 
mean  temperature  for  three  weeks  before  ripening  was  lower 
in  1906  and  in  1907,  yet  the  higher  percentage  production  of 
yellow  berry  was  not  in  the  former  year,  but  in  the  latter. 

Although  little  or  no  influence  in  the  formation  of  the  yellow 
berry  seemed  to  be  traceable  to  the  mean  temperature  for  the 
two  weeks  preceding  ripening,  yet,  when  a  corresponding  pe- 
riod of  three  weeks  was  taken,  more  influence  seemed  evident. 
On  this  account  it  was  decided  to  trace  the  possible  influence 
of  the  mean  temperature  even  farther  back  from  the  date  of 
ripening — ^to  the  date  of  the  first  appearance  of  the  spike.    The 
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data  were  computed  in  the  same  manner  as  for  tables  X 
and  XI: 

TABLE  XTT.    Belation  of  mettn  temperature  to  percentage  of  yellow  berry,  from  time 
of  first  heading  to  maturity. 


1906. 

1907. 

Mean  temperature,  Fahrenheit. 

f 

1 

f 

68.6°  to  68.9° 

1 

20 

52 

17 

9 

10 

1 

0 

3 

5 

9 

0 

0 

1 

62.0 

69.0    to  69  4  

46.0 

69.5    to  69.9 

40.3 

70.0    to  70.4 

28.6 

70.5    to  70.9  

19.6 

710    to  71.4 

42.4 

71.5    to  71  9  

39 
40 
18 
30 

1 

44.7 
267 
29  0 
28.9 
0 

71.0 

72.0    to  72.4  

72.5    to  72.9 

57.0 

73.0    to  73  4 

34.2 

78  5    to  73.9 

41.4 

74.0    to  74.4  

74  5    to  74  9 

76.0    to  75.4 

6.6 

Total  averafire  mean  temperature:  1906,  72.41°  F.;  1907,  70.48°  F. 
Total  averafire  precipitation:  1906.  4.74  in.;  1907.  6.55  in. 
Total  average  per  cent  of  yellow  berry:  1906,  33;  1907,  89. 

It  will  be  noted  that  the  results  within  the  individual  years 
are  not  so  uniform  here  as  in  the  preceding  case  (table  XI) , 
but  when  the  total  averages  for  the  two  years  are  compared 
they  harmonize  with  the  theory  that  high  temperatures  are 
correlated  with  a  minimum  of  yellow  berry  in  the  crop. 

Taking  also  into  consideration  the  amount  of  the  rainfall 
from  the  sixth  day  before  heading  to  the  fourth  day  before 
ripening,  no  relation  becomes  apparent  between  the  precipita- 
tion and  the  production  of  yellow  berry. 

The  data  to  this  point  are  given  in  the  following  table,  in 
which  the  wheat  varieties  grown  in  1906-'07  are  arranged  in 
groups,  according  to  the  amount  of  rainfall  occurring  within 
the  dates  previously  mentioned;  the  average  percentage  of 
yellow  berry  being  calculated  for  each  group : 

TABLE  Xm.    Relation  of  precipitation  to  percentasre  of  yellow  benr. 


Precipitation,  inchea. 

1  to  1.9 

2  to  2.9 

7  to  7.9 

8  to  8.0 

9  to  9.9 

Namber  of  cases 

31 
50.31 

39 
23.59 

51 
27.94 

5 
32.80 

2 

Average  per  cent,  of  yellow 

59.50 
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A  similar  study  was  not  made  for  the  year  1907,  for  the 
r^son  that  all  of  the  varieties  received  very  nearly  the  same 
amount  of  precipitation  between  the  growth  dates  previously 
mentioned. 

RELATION  OP  THE  TIME,  PROM  PHIST  HEADING  UNTIL  RIPENING, 
TO  THE  PRODUCTION  OP  YELLOW  BERRY. 

Considering  the  length  of  time  between  the  dates  of  first 
heading  and  of  ripening,  in  relation  to  the  production  of  yellow 
berry,  it  is  seen  that,  as  between  the  averages  for  different 
years,  those  years  in  which  the  ripening  was  slow  produced 
the  greatest  percentage  of  yellow  berry.  When,  however,  this 
principle  is  sought  to  be  applied  to  the  different  rates  of  ripen- 
ing discoverable  among  the  many  varieties  grown  during  the 
same  year,  it  is  found  that  it  does  not  hold.  Indeed,  with 
some  exceptions,  there  seems  to  be  a  slight  decrease  in  the  per- 
centage of  yellow  berry,  corresponding  to  the  increase  in  the 
number  of  days  between  the  first  heading  and  the  ripening  of 
the  varieties : 

TABLE  XIV.    Relation  between  the  number  of  days  from  first  headins:  to  ripening  and  the 
production  of  yellow  berry. 

1906. 


Number  of  days  from  date  of  first  headins:  to  ripeninff. 

29  to  31 

82  to  84 

86  to  87 

38  to  40 

41  to  43 

41  to  46 

47  to  49 

60  to  62 

Number  of  cases ... 

1 

23 

30 
46 

34 
26 

28 
26 

27 

34 

6 
25 

0 

2 

Average  per  cent, 
yellow  berry 

of 

60 

1907. 

dumber  of  cases 

1 
6 

1 
51 

6 

48 

28 
42 

69 
39 

16 
23 

5 
45 

2 

Average  per  cent, 
yellow  berry 

of 

42 

Total  average  number  of  days :   1906,  38 ;  1907,  42. 

Total  average  per  cent,  of  yellow  berry :   1906,  33 ;  1907.  39. 

From  table  XII  we  may  note  that  the  total  average  mean 
temperature  was  about  two  degrees  higher  and  the  rainfall 
about  two  inches  less  in  1906  than  in  1907  for  the  time  between 
first  heading  and  ripening.  It  is  very  probable  that  this  might 
easily  account  for  the  fact  that  the  average  ripening  period 
was  four  days  shorter  in  the  former  year,  and  might  also,  at 
least  partially,  account  for  the  greater  percentage  of  yellow 
berry  in  1907.    The  average  date  of  first  heading  was  May  20, 
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in  1906,  while  in  1907  it  was  three  days  later.  Since  the 
wheats  were  planted  on  an  average  five  days  earlier  in  1907, 
we  should  expect,  other  things  being  equal,  that  the  time  of 
first  heading  would  itself  be  earlier  in  1907.  Some  climatic 
agency  must  therefore  be  sought  which  would  have  been  able 
to  counteract  the  effects  of  late  planting  in  1906,  and  which 
would  in  addition  have  been  responsible  for  causing  the  wheats 
to  come  into  head  three  days  earlier  in  1906  than  in  1907. 
This  fact  is  easily  discemable  in  the  sum  total  of  the  weather 
conditions  for  April  and  May,  which  may  be  briefly  sum- 
marized as  follows : 

TABLE  XV. 


Precipitation. 

Number  of 
cloudy  days. 

Mean  temperature. 

1906. 

1907. 

1906. 

1907. 

1906. 

1907. 

April 

2.76 
2.00 

1.80 
1.10 

13 
14 

10 
13 

69  60° 

66.70 

46  07° 

May 

59  45 

Total  and  averages 

4.76 

2.50 

27 

23 

63.23 

52.87 

From  this  table  it  becomes  clear  that  the  rapidity  of  growth 
in  general,  including  the  time  of  coming  into  head  and  of 
reaching  final  maturity,  as  well  as  the  percentage  of  yellow 
berry  produced,  are  the  resultants  of  at  least  several  combined 
seasonal  factors  of  which  the  most  important  are  those  which 
obtain  in  the  spring.  The  length  of  time*  duration  for  the 
autumn  growth,  as  determined  by  the  date  of  planting,  and  the 
climatic  factors  of  the  fall  vegetative  period,  are  merely  of 
underlying  importance  as  deciding  the  stage  of  growth  and  the 
general  condition  of  the  plants  on  their  resumption  of  activity 
in  the  spring.  If  we  attempt  to  interpret  the  effect  of  these 
combined  influences  in  terms  of  the  rapidity  of  growth  of  the 
plants  and  of  the  ripening  of  the  grain,  and  to  correlate  them 
with  the  percentage  production  of  yellow  berry,  we  shall  find, 
as  previously  stated,  that  the  prevalent  idea  that  slow  ripen- 
ing is  correlated  with  high  percentages  of  yellow  berry  is  ap- 
parently justified  by  the  data  collected  from  our  wheat  cul- 
tures for  1906-'07,  when  the  total  averages  for  the  two  years 
are  compared.    (Table  XIV.) 

When,  however,  the  data  for  the  different  varieties  within 
a  given  season  are  considered,  this  rule  does  not  hold.  (See, 
also,  table  XIV.)     Now,  since  it  is  improbable  that  influences 
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that  would  operate  as  between  different  seasons  to  bring  about 
such  a  result  would  fail  to  operate  in  a  given  season,  there 
must  therefore  be  other  factors,  or  combinations  of  factors, 
which  complicate  the  results,  and  which  are  not  analyzable 
without  taking  into  consideration  data  with  reference  not  alone 
to  climatological  conditions  but  also  to  the  hereditary  tenden- 
cies of  the  varieties  concerned. 

TABLE  XVL    Relation  between  lensrth  of  n>r\ng  vegetative  period  and  the 
percentage  of  yellow  berry. 

1906. 


Number  of  days  from  March  1  until  ripe. 

106  to  110 

111  to  116 

116  to  120 

121  to  126 

126  to  190 

Average  mean 
temperature, 
first  head  until 
ripe,  Fahrenheit, 

Number  of  cases.. 

Average  per  cent, 
of  yellow  berry. 

71.86° 

29 
51  86 

71  97° 
6 

46  33 

72.23° 
58 

24  89 

73.23° 
28 

24.53 

73  25° 

7 

40.43 

1907. 

Number  of  days  from  March  1  until  ripe. 

116  to  119 

120  to  128 

124  to  127 

128  tolSl 

182  to  186 

186  to  139 

Average  mean 
temperature, 
first  head  until 
ripe,  Fahrenheit, 

Number  of  cases.. 

Average  per  cent, 
of  yellow  berry. 

68.78° 

1 

62.00 

69.47° 
31 

50.29 

70.07° 

64 
^68 

71.66° 
21 

27.90 

72.48° 
10 

50.00 

73  93° 
1 

21  00 

Total  average  number  of  days  from  March  1  to  maturity :  1906,  118 ; 
1907.  125. 

Total  average  per  cent  of  yellow  berry :  1906,  33 ;  1907,  89. 

Examination  of  the  data  for  both  years,  in  table  XVI,  when 
taken  with  reference  to  the  spring  growing  season,  would  seem 
to  indicate  that  those  wheats  which  ripened  slowly,  and  which 
therefore  had  a  long  growing  season,  have  a  lower  percentage 
of  yellow  berry.  This  is  directly  contrary  to  the  generally 
prevalent  idea  as  heretofore  expressed,  and  also  to  the  results 
obtained  from  the  total  averages  of  the  two  years,  as  taken 
separately. 

If,  however,  we  examine  the  column  in  table  XVI  giving  the 
average  of  the  mean  temperatures  from  date  of  first  heading 
to  date  of  ripening  for  the  different  groups,  we  shall  find  that 
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the  wheats  ripening  later  ripened  under  the  higher  temperd- 
tures.  This  fact  confirms  the  conclusion  previously  drawn,  and 
indicates  that  the  later  wheats,  by  the  fact  that  their  ripening 
period  is  brought  over  into  the  warmer  season,  are  thus  sub- 
jected to  temperatures  the  effect  of  which  appears  to  be  to 
overcome  any  effect  ascribable  to  a  slow  ripening  period,  with 
the  net  result,  at  any  rate,  that  they  have  a  lower  percentage 
•of  yellow  berry  than  the  wheats  ripening  earlier. 

In  the  last  column  for  1906  (table  XVI),  the  next  to  the 
last  for  1907  in  the  same  table,  there  appears  a  group  of  slow- 
ripening  wheats  which,  despite  the  higher  mean  temperatures 
prevailing  from  first  heading  to  ripening,  have  yet  varied  from 
ihe  rule  in  the  production  of  high  percentages  of  yellow  berry. 

An  attempt  to  explain  these  apparently  anomalous  cases  will 
be  found  in  the  second  part  of  this  bulletin. 


PART  II. 

INDIVIDUAL  AND  VARIETAL  INHERITANCE  OP  YELLOW  BERRY. 

One  of  the  most  desirable  achievements  in  wheat-breeding 
would  be  the  origination  of  a  strain  of  hard  glutenous  winter 
wheat  which  under  no  conditions  would  produce  grains  of  the 
inferior  "yellow  berry"  type.  Attempts  to  secure  such  strains 
l)y  importation  from  the  hard  wheat  districts  of  Russia,  Hun- 
gary and  the  Balkan  states  have  been  made.  In  a  way  the 
:same  end  has  been  sought  by  the  efforts  of  different  breeders 
to  improve  the  gluten  content  of  wheat  by  various  systems  of 
selection,  based  upon  chemical  analyses  of  the  grain  and  upon 
milling  and  baking  tests  of  the  flour.  In  some  cases  the  re- 
sults of  such  efforts  have  been  promising. 

There  exists,  however,  to  the  knowledge  of  the  authors,  no 
attempt  hitherto  at  the  improvement  of  wheat  through  the 
selection  of  pedigree  strains  or  pure  cultures,  in  which  the 
tendency  to  produce  the  yellow  berry  has  been  followed  satis- 
factorily through  more  than  one  generation  of  pure-bred 
plants ;  and  this  particular  investigation,  in  the  writers'  opin- 
ion, is  of  fundamental  importance  in  dealing  with  the  problem. 

It  is  certain  that  the  yellow  berry  is  an  inferior  type  of  ker- 
nel, and  it  is  not  unreasonable  to  suppose  that  strains  compara- 
tively free  from  a  tendency  to  produce  such  grains  might  exist, 
just  as,  by  analogy,  strains  or  families  have  been  found,  of 
various  economic  plants,  whose  cell  characters  render  them  im- 
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mune  to  the  attacks  of  certain  species  of  fungi  which  ordinarily 
beset  the  species. 

Manifestly,  the  elimination  of  the  yellow  berry  by  such  a 
method  is  wholly  dependent  upon  the  extent  to  which  the  yel- 
low berry  is  distinctively  a  heritable  product,  and  not  a  fluctu- 
ating variation  common  to  all  the  strains  of  glutenous  wheats 
when  grown  under  certain  seasonal  conditions.  That  the  ap- 
pearance of  the  yellow  berry  in  hard  wheats  is  indeed  a  phe- 
nomenon in  which  the  climatic  conditions  play  an  important 
part  has  long  been  recognized,  and  to  the  further  and  more 
particular  knowledge  of  this  fact  part  I  of  this  bulletin  is  a 
contribution. 

Nevertheless,  that  the  appearance  of  the  yellow  berry  is^  by 
no  means  due  to  climatic  factors  alone  is  proven  by  the  fol- 
lowing fact: 

Among  our  mass-variety  cultures,  those  wheats  were  ex- 
amined which  were  planted  side  by  side  on  the  same  day,  and 
which  ripened  on  the  same  date.  Among  these,  the  percent- 
ages of  yellow  berry  were  found  to  vary  widely.  A  few  illus- 
trative examples  to  the  point  are  given  in  the  following  table : 

TABLE  XVU. 


No. 

Year. 

527 

1905-'06 

510 

l905-'06 

484 

1905-'06 

4S2 

1905-'06 

248 

1906-'07 

256 

1906-'07 

527 

1906-'07 

506 

1906-'07 

Date  planted. 


October  2.... 
October  2.... 
October  2.... 
October  2.... 
September  27 
September  27 
October  2... 
October  2.... 


Date  ripe. 


July  4. . 
July  4.. 
June  26 
June  26 
July  2.. 
July  2. 
Julys.. 
July  8. 


Per  cent,  of 
yellow  berry. 


1 

22 
2 

38 
17 
54 
16 
66 


It  may,  moreover,  be  shown  that  most  of  the  so-called  "va- 
rieties," as  they  appear  on  the  market,  are  really  mixtures  of 
wheats,  which  when  separated  are  found  to  produce  widely 
different  amounts  of  yellow  berry.  For  a  few  instances  of 
these  mixed  varieties  see  table  XVIII.  What  these  examples 
so  strikingly  show  is  probably  true,  to  a  greater  or  less  degree, 
of  all  commercial  varieties  of  wheat . 

By  "segregation  number"  in  the  above  table  is  meant  that, 
from  an  original  lot  of  seed  bearing  the  name  of  a  commercial 
"variety,"  distinct  and  different  types  of  wheats — "segre- 
gates"— were  selected  out,  and  a  serial  number  assigned  to 
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TABLE  XVin. 


Original 
number. 


Variety  Name. 


Seffresation  number. 


Per  cent,  of 
yellow  berry. 


494 
543. 
627. 
147. 


Hungarian  Red. 
Japanese 


j  Pedigree  Early 
i     Genesee  Giant. 


J1338. 

1 1339. 

J1348. 

11349. 

j  1362. 

1 1363. 
1366, 
1367. 


47 
17 
10 
51 
48 
21 
62 
38 


each.  Here  also  it  is  clear  that  within  a  given  so-called  "va- 
riety," as  it  appears  on  the  market,  are  found  strains  of  differ- 
ent type  which  show  distinct  physiological  differences  so  far 
as  the  production  of  yellow  berry  is  concerned. 

Since  here,  too,  the  different  "segregates"  chosen  for  illus- 
tration were  all  planted  on  the  same  day,  side  by  side,  and  ma- 
tured their  seed  on  the  same  date,  it  is  evident  that  the  soil  and 
climatic  factors  operative  must  have  been  exactly  the  same  for 
all. 

The  question  of  the  extent  to  which  the  tendency  to  produce 
the  yellow  berry  may  be  an  heritable  one,  independently  of 
seasonal  conditions,  has  been  examined  into  for  the  wheat 
varieties  under  experiment,  and  for  the  two  years  1905-'06 
and  1906-'07. 

For  this  purpose  the  varieties  grown  in  1906  were  separated 
into  four  groups,  according  to  the  percentage  amount  of  yellow 
berry  produced  by  each.  Group  I  contained  those  wheats  in 
which  from  1  to  25  per  cent,  of  yellow  berry  was  produced; 
group  II,  from  25  to  50  per  cent. ;  group  III,  51  to  75  per  cent., 
and  group  IV,  from  76  to  100  per  cent.  The  average  percent- 
age of  yellow  berry  produced  by  the  wheat  varieties  of  each 
group  was  determined.  Table  XIX  gives  a  summary  of  thess 
analyses,  from  which  it  will  be  observed  that,  with  one  very 
minor  exception,  the  averages  of  the  amount  of  yellow  berry 
for  each  group  take  the  same  relative  position  in  1907  that 
they  occupy  in  1906 . 

It  will  be  noted,  by  reference  to  the  preceding  table,  that 
the  wheats  of  1907,  with  respect  to  the  total  average  per- 
centage amounts  of  yellow  berry  produced  by  each  group  as  a 
whole,  appear  in  every  case,  with  one  exception  (column  4, 
group  IV),  when  arranged  in  successive  order,  to  have  been 
derived  from  groups  having  the  same  successive  order  in  1906. 
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TABLE  XIX. 

Number  of 
varieties 
included. 

1 

2 

s 

4 

Qroup  No. 

'Ranged 
percentasree  of 

within  the 
groups.  1906. 

Averafre 
percentage  of 
yellow  berry 

for  each 
group,  1906. 

Range  of 
percentages  of 

within  the 
groups,  1907. 

Average 
percentage  of 
jrellow  berry 

for  each 
group.  1907. 

I 

61 

38 

26 

9 

1.25 
26.50 
51.75 
76.10 

12.78 
38.34 
61.65 
81.55 

0.83 

0.89 

17.72 

22.72 

36.95 

II 

98.68 

Ill 

45  84 

IV 

42  55 

It  is  true  that  the  group  range  of  the  offspring  of  1907  (col- 
umn  3)  is  wider  than  the  original  group  range  of  those  groups 
from  which  they  sprang.  It  is  highly  probable  that  this  is  due^ 
in  part  at  least,  to  the  mixed  character  of  most  of  the  commer- 
cial varieties  under  experiment.  Were  the  varieties  all  pure- 
bred, it  is  unlikely,  if  the  yellow  berry  tendency  be  inheritable 
at  all,  that  the  range  of  the  offspring  would  be  as  wide  as  in  the 
table. 

However,  allowing  for  the  crude  and  imperfect  materials,^ 
it  at  least  appears  as  a  fact  that  the  location  of  the  minimunir 
range  of  yellow  berry  in  the  varieties  lies  in  those  groups  of 
1907  that  came  from  the  minimum  groups  of  1906,  It  will 
furthermore  be  noted  that,  when  the  averages  are  considered 
(column  4),  while  the  minimum  average  is  not  so  low  in  1907 
as  in  the  corresponding  parent  groups  for  1906,  it  is  easy  ta 
see  that  the  groups  of  1907  fall  into  the  same  relative  order  as 
those  of  1906  from  which  they  sprang,  in  regard  to  percentage 
of  the  yellow  berry.  The  minor  exception,  referred  to  pre- 
viously, is  the  reversal  of  the  order  of  the  last  two  groups  in 
column  4.  The  difference  between  them,  however,  of  only  3.29 
per  cent.,  is  negligible,  as  is  also  the  difference  between  the 
first  two  groups,  of  1.73  per  cent. 

What  stands  out  very  clearly,  however,  is  the  fact  that  from 
the  ninety-nine  varieties  grown  in  1906  which  had  50  per 
cent,  of  yellow  berry  or  under,  with  an  average  of  25.56  per 
cent.,  came  offspring  whose  average  percentage  of  yellow  berry 
was  37.81  per  cent.  And,  on  the  other  hand,  from  thirty-five 
varieties  in  1906  in  which  the  yellow  berry  percentage  lay  be- 
tween 50  and  100,  with  an  average  of  71.60  per  cent.,  came 
offspring  with  an  average  percentage  of  yellow  berry  of  only 
44.19  per  cent.,  although  the  group  range  was  wider  than  that 
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from  which  the  selection  came.  The  general  conclusion  from 
the  data  may  be  stated  thus : 

While  on  the  one  hand  the  vareties  low  in  yellow  berry 
(groups  I  and  II)  had  progeny  in  1907  which  averaged  12.25 
per  cent,  higher  than  the  average  of  the  corresponding  paren- 
tal groups  for  1906,  yet,  on  the  other  hand,  the  varieties  high 
in  yellow  berry  (groups  III  and  IV)  had  progeny  which  aver- 
aged 27.41  per  cent,  lower  than  the  average  of  the  correspond- 
ing parental  groups  for  1906. 

Without  undertaking  to  use  the  materials  at  hand  for  con- 
structing a  regression  table  for  the  character  in  question,  it 
will  suflBce  to  say  that  the  data,  as  they  stand,  point  strongly 
to  a  certain  degree  of  actual  inheritance  of  the  yellow  berry 
tendency,  even  as  exhibited  by  such  impure  cultures  as  the 
commercial  mass-varieties  necessarily  are. 

It  may  be  recalled  that  in  table  XVI  there  was  a  group  of 
wheats  which,  in  spite  of  their  late  ripening,  produced  high 
percentages  of  the  yellow  berry  during  both  of  the  years  cov- 
ered by  the  experiment.  This  fact  is  opposed  to  the  conclu- 
sions heretofore  drawn  that  within  a  given  season  those  wheats 
which  ripen  late,  and  which  therefore  carry  their  ripening 
period  over  into  the  warmer  weather,  produce  less  yellow 
berry. 

As  an  explanation  of  this  apparently  contradictory  evi- 
dence, it  may  be  suggested  that  with  the  hereditary  long  grow- 
ing period  of  those  wheats,  there  may  also  coexist  a  strong 
hereditary  tendency  toward  the  production  of  the  yellow  berry, 
which  physiological  tendency  persists  despite  the  hotter 
weather  of  midsummer,  resulting  in  a  higher  percentage  of 
the  yellow  berry  than  is  the  case  even  with  many  of  the  earlier- 
ripening  wheats. 

That  the  length  of  the  growing  season  in  wheat  varieties  is 
itself  a  character  that  is  strongly  heritable  may  be  seen  from 
the  following  table,  in  which  the  wheats  grown  in  1906  are 
arranged  in  groups  according  to  the  length  of  their  respective 
spring  growing  periods,  with  the  offspring  for  1907  arranged 
in  groups  corresponding  to  their  respective  parents,  and  with 
the  averages  determined  as  before.  From  this  table,  indi- 
cating the  inheritance  of  length  of  vegetative  period,  and  from 
table  XIX,  and  tables  XXII  and  XXIII  (below),  showing  the 
inheritance  of  the  tendency  to  produce  yellow  berry,  there  ex- 
ists, in  our  judgment,  a  sufficient  basis  of  evidence  for  the  as- 
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sumption  that  these  two  tendencies  may  occasionally  occur  to- 
gether in  the  same  individual. 

TABLE  XX.  Length  of  sprinsr  vesretatlve  period  for  parent  varieties.  1906.  and  offspring.  1907. 


No.  of  cases 

Sprins:  veg^etative 

period,  1906  (days).. 
Average  for  progeny, 

1907  (days) 


29 

6 

58 

28 

106  to  110 

111  to  115 

116  to  120 

121  to  125 

124.2 

124.5 

124.8 

129.7 

7 

126  to  130 

128  0 


In  the  preceding  table,  the  varieties  under  experiment  are 
grouped  according  to  the  duration  of  their  respective  spring 
vegetative  periods.  Beneath  this  grouping  is  given  the  aver- 
age length  of  the  spring  vegetative  period  of  the  progeny  of 
the  several  groups. 

CULTURE  TEST  OF  HARD  WHEAT  GRAINS  AND  YELLOW  BERRIES. 

From  each  of  eight  apparently  pure  varieties  which  con- 
tained a  mixture  of  flinty  and  starchy  kernels,  200  grains  of 
each  of  these  types  were  carefully  selected.  While  of  course 
there  were  present  many  intermediate  types  in  the  mass,  only 
the  extremely  hard  and  the  completely  starchy  grains  were 
actually  taken.  Two  thirty-foot  rows  including  each  of  these 
types  were  planted  side  by  side,  on  the  same  date  in  the  fall  of  • 
1906,  and  were  promptly  harvested  on  the  day  when  they  were 
apparently  ripe.  The  spikes  were  cut  off,  placed  in  loose 
sacks,  and  were  immediately  brought  in  and  allowed  to  dry 
under  cover.  The  grain  was  thrashed  by  hand,  and  the  yield 
in  gram  weight  of  each  row  was  carefully  determined.  All 
percentages  of  the  yellow  berry  in  the  grain  were  then  found, 
and  by  the  same  person. 

In  table  XXI,  following,  appear  the  results  of  the  study  of 
the  progeny  of  the  hard  and  soft  grains,  and  a  close  scrutiny 
of  the  table  brings  out  the  following  facts : 

1.  The  hard  grains  planted  in  1906  were  much  heavier  than 
the  soft  ones. 

2.  The  yields  from  the  heavy  hard  grains  were  greater  than 
those  from  the  lighter,  softer  kernels,  with  the  exception  of 
the  case  of  No.  241,  where  the  row  of  the  soft  wheat  was  on 
the  outside  of  the  plot,  having  therefore  the  advantage  of 
additional  growing  space,  and  that  of  No.  501,  which  was  a 
Poulard  wheat. 

The  results  as  to  yield  are  in  accordance  with  those  usually 
obtained  from  similar  tests,  and  are  probably  due  to  the  fact 
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TABLE  XXI. 


of  snins 
planted. 

ATenffe 

air-dry 

weiffhtof 

lOOffraina. 

Date  ripe 

and 
harvested. 

Characters  of  crop  harvested. 

Sflrial 
number. 

Average 
weifffatof 
100  grains. 

Yield. 

Specific 
gravity. 

Percent, 
of  yellow 

241 

246 

249 

264 

466 

501 

584 

1303 

( Sof  t*. . 
?Hard.. 
(Soft... 
iHard.. 
(Soft.. 
}Hard.. 
J  Soft... 
{Hard.. 
(Soft... 
(Hard.. 
(Softt.. 
Haidt. 
(Soft... 
(Hard.. 
(Soft... 
iHardt. 

Oranu. 
3.054 
3.214 
3.008 
3.114 
2.775 
3.221 
3.008 
3.353 
3.168 
3  679 
8688 
3.989 
2.967 
3.486 
2685 
3.007 

July  13 

July  19 

Juljr  13 

<< 
<< 

Chroma. 
2.531 

2.612 
2  601 
2  546 
2.032 
1.940 
2835 
2434 
2647 
2  678 
2984 
2403 
2  191 
2  127 
2.396 
2827 

Grams. 
514 
269 
344 
360 
224 
281 
250 
329 
328 
474 
112 
71 
169 
187 
303 
366 

1.358 
1  335 
1  334 
1  336 
1  325 
1.318 
1  383 
1.340 
1  305 
1  318 
1.288 
1  270 
1  314 
1  320 
1  344 
1.366 

1  6 

6.6 

14.0 

8.7 

8  0 

4.6 

2.7 

2.5 

4.0 

5.2 

63.1 

72  5 

18.7 

14  8 

18.0 

83 

Total  av'gs, 

(Soft... 
JHard.. 

3.046 
3.863 

July  13 

2.458 
2392 

280 
291 

1  325 
1.326 

16.71 
15.40 

'Disregard  yield  on  account  of  outside  row. 
t  Poulard  wheat. 
t  Not  an  outside  row. 

Average  yield :  Soft,  27P  grainB ;  hard,  331  grains. 

Average  yellow  berry :  Soft,  10.1  per  cent. ;  hard,  7.4  per  cent. 

that  large,  heavy  seeds  contain  more  reserve  food  material,  en- 
abling the  plants  to  start  more  vigorously  than  those  from 
lighter  and  smaUer  grains. 

With  the  exception  of  Nos.  241  and  501,  before  referred  to, 
and  one  other — No.  466 — ^the  offspring  of  the  hard  grains 
showed  a  slightly  higher  percentage  of  yellow  berry  than  did 
the  progeny  of  the  soft  grains. 

That  the  percentages  of  yellow  berry  obtained  in  the  crop 
from  hard  seeds  should  average  very  little  less  than  the  per- 
centages of  yellow  berry  in  the  crop  from  the  soft  grains  may 
be  explained  as  follows : 

Since  yellow  berry  kernels  may  sometimes  occur  on  the  same 
spike  with  normal  hard  kernels,  and  since  all  the  grains  on  the 
head  have  practically  the  same  set  of  elementary  characters, 
a  selection  of  such  yellow  berry  kernels  for  planting  would  not 
constitute  a  selection  of  a  family  of  plants  predisposed  to  the 
production  of  yellow  berry  at  all.  The  offspring  in  such  cases 
of  the  yellow  berry  and  of  the  normal  kernels  would  inherit 
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like  characters ;  and  offspring  of  both  sorts  would  possess  the 
same  ratio  of  hard  to  soft  kernels. 

As  an  explanation  of  the  slight  advantage  of  the  hard  grains 
in  giving  harvests  which  contained  somewhat  less  of  the  yel- 
low berry,  the  suggestion  may  be  offered  that  the  varieties 
used  were  not  pure  cultures  of  pedigree  wheats,  but  were  the 
usual  mass-varieties  of  commerce,  and  consequently  in  all  prob- 
ability not  homogeneous  in  point  of  descent.  It  may  have  been 
that  these  "varieties"  were  mixtures  containing  several  sub- 
varieties,  some  of  which,  under  identical  conditions  with  oth- 
ers, would  produce  less  of  the  yellow  berry.  It  is  plain  that  if 
such  a  mixture  of  the  hard  and  soft  grains  were  selected  from 
at  random,  the  selected  hard  grains  would  be  apt  to  contain  a 
slightly  larger  relative  proportion  of  seeds  from  the  harder 
sorts  in  the  mixture,  while  the  selected  soft  wheats  or  yellow 
berries  would  be  apt  to  be,  in  large  proportion,  grains  from 
those  sorts  in  the  mixture  that  naturally  and  normally  pro- 
duce a  larger  percentage  of  the  yellow  berry.  The  outcome 
would  be  that  the  progeny  of  the  hard  grains  would  verge 
slightly  more  away  from  the  yellow  berry  tendency  and 
the  progeny  of  the  soft  or  yellow  berry  grains  would 
verge  slightly  more  towards  it.  As  a  result  of  such  selec- 
tion, if  long  continued,  a  gradual  and  at  last  a  considerable 
elimination  of  the  sorts  that  tended  toward  the  production 
of  much  yellow  berry  would  follow.  The  improvement  would 
be  slow,  because  blindly  achieved,  and  in  all  probability  would 
never  be  permanent,  on  account  of  the  almost  practical  impos- 
sibility of  securing  total  elimination  of  the  undesirable  races 
in  this  way. 

DEGREE  OF  INHERITANCE  OF  YELLOW  BERRY  IN  PURE-BRED 
(PEDIGREE)    WHEATS. 

In  the  summer  of  1906  a  large  number  of  spikes  of  wheat 
were  selected  from  among  the  mass-varieties  growing  in  the 
plots  of  the  Department  of  Botany  of  this  Experiment  Station. 
These  spikes  or  heads  were  chosen  on  account  of  certain  ap- 
parently promising  characters  possessed  by  the  plants  which 
bore  them,  and  they  were  intended  to  furnish  the  seed  for  other 
plants  of  pure  "pedigreed"  races  of  superior  stocks.  The 
reason  that  more  than  one  head  was  not  selected  from  any 
single  plant  was  because  of  the  fact  that  the  plants  grew  close 
together  in  the  row,  and  in  the  consequent  tangle  of  roots  and 
stems  it  is  always  impossible  to  ascertain  with  certainty  where 
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one  plant  ends  and  another  begins.  One  is  therefore  compelled 
to  coftimence  with  single  heads  unless  the  individuals  are  grow- 
ing in  nursery  plots.  ' 

All  of  the  visible  morphological  characters  of  these  heads,  of 
their  grains,  and  of  the  culms  which  bore  them,  were  carefully 
entered  on  a- special  set  of  blanks  which  are  now  on  file  in  the 
records  of  this  department.  Plate  I  is  an  illustration  of  such  a 
record  sheet,  in  which  some  fifty  characters  are  accounted  for. 

An  examination  of  the  grain  from  each  of  the  heads  was 
made  with  especial  reference  to  the  presence  or  absence  of  the 
yellow  berry,  and,  while  it  is  very  true  that  a  single  spike  is 
not  a  perfect  index  to  the  character  of  all  of  the  other  spikes, 
on  the  plant,  and  while  the  character  of  the  grains  may  vary 
somewhat  even  within  the  same  plant,  yet  when  enough  cases 
are  considered,  the  writers  believe,  as  the  following  table  will 
indicate,  that  at  least  extremely  suggestive  data  appear  with 
reference  to  inheritance  of  the  tendency  to  produce  the  yellow 
berry.  For  this  reason,  a  comparative  study  was  made  of  the 
percentage  amounts  of  yellow  berry  produced  in  the  original 
heads  selected,  and  in  their  progeny  harvested  in  1907.  For 
convenience,  the  original  selections  are  here  thrown  into 
groups,  according  to  the  percentage  amounts  of  yellow  berry 
produced  in  each  spike. 


Nliffree)  wheat. 

Group  number— 

L 

n. 

m. 

IV. 

V. 

Number  of  cases 

35 
0 

0-20 

3.9 

38 
1-26 

0-30 
7.9 

17 
26-60 

0-68 
17.1 

9 
51-75 

1-38 
14.9 

6 

Percentage  range  of  yellow 
berry  in  parentage,  1906.. 

Percentage  range  of  yellow 
berry  in  progfeny  of  the 
foregoing  groups,  1907. . . 

Mean .  percentage  of  yellow 
berry  in  1907 

76-100 

0-49 
23  5. 

An  inspection  of  the  above  table  leads  to  some  interesting 
inferences.  It  will  be  noted  that  while  the  progeny  of  each  of 
the  1906  groups  haVe  a  lower  range  limit  of  zero,  yet  when  the 
higher  range  limit  is  considered  the  effect  of  selection  becomes 
manifest  in  the  fact  that  the  progeny  in  the  high-range  groups 
of  1906  are  also  high  in  1907,  in  respect  to  maximum  amount 
of  yellow  berry;  while  the  progeny  of  the  low-range  groups  of 
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Platb  2.    Showing  graphically  the  degree  of  inheritance  of  the  tendency  to  produce 
yellow  berry  In  pedigree  races  of  wheat 

1906  are  low  in  1907.  That  groups  III  and  IV,  in  1907,  are 
not  in  the  same  relative  order  with  respect  to  the  maximum  as 
their  parentage  of  1906  may  be  ascribable  in  part  to  the  small 
number  of  cases  involved,  with  a  consequent  undue  influence 
of  occasional  erratic  variants. 

Reference  to  the  mean  per  cents,  in  the  last  column  brings 
even  these  irregular  numbers  almost  completely  into  the  rela- 
tive order  of  the  parentage  of  1906.  As  a  matter  of  fact,  the 
high  average  and  the  excessively  high  range  of  group  III 
(1907)  was  caused  by  the  presence  of  one  case,  which  produced 
68  per  cent,  of  yellow  berry,  and  which  markedly  modified  the 
mean.  Were  this  case  excluded,  the  group  would  fall  into  its 
correct  position. 

Although  it  is  a  fact  that  many  of  those  parental  spikes  in 
which  no  yellow  berries  were  found  produced  yellow  berries 
in  their  1907  offspring,  and  while  those  parents,  which,  as  in 
group  IV,  contained  a  high  percentage  of  yellow  berry,  pro- 
duced much  smaller  amounts  in  the  offspring,  yet  the  regres- 
sion toward  a  common  race  mean  is  not  so  marked  in  the  case 
of  the  pedigree  wheat  cultures  (table  XXII)  'as  when  mass- 
varieties  are  used. 
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This  fact  is  strikingly  shown  in  table  XXIII : 


TABLE  XXm.  DiBtribation  of  parents  and  offspring  with  respect  to  the  production  of  the 
yellow  berry,  as  exhibited  by  mass-variety  cultures,  pedigree  cultures,  and  selected  hard  and 
soft  ffrains  f ^om  mass-varieties. 


Number  and  distribution  of 


Per  cent  of  yellow  berry- 


In  parents.        Avensce  in  offspring. 


10 


11 


I 

II 

III 

IV 

V 


0 
61 
88 
26 

9 


H 

h 


hi 


5  «  9 

Iff 

m 


1 


I 


8 


0 
46 
28 
19 

7 


85 

88 

17 

9 

6 


88 
86 

18 
9 
6 


50 
0 
0 
0 

50 


0 

1-25 
26-50 
51-75 
76-100 


0 

36  95 
88.68 
45.84 
42.55 


3  9 

7.9 

17.1 

14.9 

28.5 


ill 

!i| 

Hi 


15.40 


15  7 


From  the  table  it  is  seen  that  the  difference  between  the 
averages  for  the  highest  and  the  lowest  groups  in  the  mass- 
varieties  was  only  about  8  per  cent. ;  in  the  selections  of  hard 
and  soft  grains  from  certain  mass-varieties  it  was  but  0.3  per 
cent.;  while  in  the  pedigree  heads  the  difference  between  the 
highest  and  lowest  averages  was  20  per  cent.  Moreover,  in  the 
first  progeny  group  of  the  pedigree  wheats  for  1907,  a  little 
over  one-third  of  the  cases  produced  no  yellow  berry  at  all 
(a  fact  which  the  general  table  does  not  show) ,  while  the  av- 
erage  of  all  the  cases  was  hut  3.9  per  cent.  On  the  other  hand, 
by  the  other  method  of  selection,  there  were  no  cases  whatever 
where  the  offspring  were  free  from  yellow  berry;  and  the 
averages  for  the  lowest  groups  in  the  case  of  the  mass-varie- 
ties, and  of  the  selected  hard  and  soft  grains,  were  36.95  per 
cent,  and  15.40  per  cent.,  respectively. 

This  conclusively  demonstrates  the  superiority  of  the  pedi- 
gree method  as  compared  with  other  methods  of  selection,  due 
to  the  evident  fact  that  the  pedigree  cultures  represent  isolated 
stable  races,  instead  of  the  congeries  of  mixtures  of  strains 
which  form  the  commercial  varieties. 

Table  XXIII,  however,  calls  for  some  further  explanation. 
Taking  the  mass-variety  cultures  (common  commercial  varie- 
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ties)  for  1906,  the  cultures  of  hard  and  soft  (yellow  berry) 
grains  separated  out  from  a  number  of  such  varieties,  and  the 
pure  (pedigree)  cultures  of  our  wheats  for  1906,  including 
134,  16  and  105  cases  in  each  category,  respectively,  a  careful 
determination  was  made  of  the  percentage  amount  of  yellow 
berry  in  each.  The  wheats  of  each  category  were  then  thrown 
into  five  groups,  according  to  the  amounts  of  yellow  berry 
found. 

Owing  to  the  small  number  of  grains  available  in  many  c^ses 
in  the  parental  groups  of  the  pedigree  cultures,  it  was  de- 
cided not  to  attempt  to  calculate  the  mean  for  yellow  berry 
percentage  within  each  group,  but  simply  to  present  the  total 
range  of  the  groups.  That  the  distribution  within  each  group 
was  sufficiently  normal  was  ascertained  by  inspection.  It  is 
further  indicated  by  the  fact  that,  if  the  distribution  of  the 
number  of  cases  be  taken  in  their  order  from  groups  I  to  V, 
no  irregularities  will  appear. 

Now  the  fact  that  the  original  pedigree  heads  fall  into  the 
mode  of  distribution  that  they  do  with  respect  to  the  yellow 
berry  is,  of  course,  necessarily  a  matter  of  chance.  That  the 
offspring,  however,  of  the  pedigree  lots,  follows  the  distribu- 
tion of  the  parents  to  such  a  high  degree  in  respect  to  the  per- 
centage composition  of  yellow  berry  is  remarkable.  That  the 
mass-variety  and  selected  hard  and  soft  lots  follow  the  same 
law,  although  less  rigidly,  is  what  would  be  expected  of  such 
lots  if  the  yellow  berry  tendency  is  heritable  at  all  in  the  con- 
stituent units  which  taken  together  form  the  group  called  a 
"variety." 

On  examination  of  table  XXIII,  columns  8,  9  and  10,  it  is 
seen  that  the  mean  percentages  of  yellow  berry  in  the  mass- 
variety  and  pedigree  cultures  fall  almost  exactly  into  the  same 
relative  order  as  the  groups  of  percentage  ranges  of  the  par- 
ents (column  8) .  While  it  is  to  be  inferred  that  there  is  re- 
gression here,  the  data  were  not  thought  suitable  for  presenta- 
tion in  the  form  of  a  regression  table,  especially  since  the 
means  within  the  two  groups  of  parents  could  not  be  calculated 
to  advantage.  Therefore,  while  it  is,  strictly  speaking,  incor- 
rect to  compare  the  mean  percentage  of  the  progeny  with  the 
group  range  of  the  parents  for  a  given  character,  yet,  given  a 
uniform  and  normal  distribution  within  the  parental  groups, 
such  a  comparison  has  practical  value,  in  the  absence  of  the 
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possibility  for  the  more  exact  analysis  of  a  regression  table. 
It  appears,  in  plain  words,  in  columns  8,  9,  10,  table  XXII, 
that  with  the  percentage  increase  of  yellow  berry  in  the  parents 
follows  a  mean  percentage  increase  of  yellow  berry  in  the 
offspring.  What  is  decidedly  of  supreme  importance,  so  far 
as  this  investigation  is  concerned,  is  the  very  evident  fact  of 
the  superiority  of  the  pedigree-culture  method  so  far  as  the 
elimination  of  the  yellow  berry  is  concerned.  For*  example, 
while  there  were  no  cases  of  mass-variety  lots  of  parents  con- 
taining  no  yellow  berry,  there  were  sixty-one  cases  (46  per 
cent,  of  the  total)  in  which  the  percentage  of  yellow  berry 
ranged  from  1  to  25  per  cent.  From  these  came  progeny  in 
1907  in  which  the  mean  percentage  of  the  yellow  berry  was 
nearly  S7.  On  the  other  hand,  among  the  pedigree  cultures, 
there  were  thirty-eight  in  all,  or  36  per  cent,  of  the  total  ex- 
amined, which  fell  into  the  1  to  25  per  cent,  class  of  the  par- 
ents, but  which  in  1907  had  a  mean  percentage  of  yellow  berry 
of  only  7.9. 

Still  more  striking  is  the  fact  that  the  minimum  or  zero 
class  of  the  parents  gave  rise  also  to  the  minimum  class  of  the 
offspring  (S.9  per  cent.)  in  the  case  of  the  pedigree  wheats. 

In  view  of  the  fact  that  but  one  head  from  each  plant  of  the 
pedigree  parent  stocks  had  to  furnish  the  grains  on  which  an 
estimate  of  the  percentage  yield  of  yellow  berry  in  the  plant  as 
a  whole  was  based,  the  result  is  really  surprisingly  confirma- 
tory of  our  hypothesis  that  the  yellow  berry  is  a  "tendency,*' 
which  finds  expression  in  certain  strains  or  races  more  mark- 
edly than  in  others,  and  is  heritable. 

In  so  far  as  this  is  the  case,  the  yellow  berry  problem  is  one 
which  is  capable  of  being  handled  by  the  breeder  with  a  view 
to  the  propagation  of  pure  strains  of  wheat  which  may  be 
found  free  from  the  yellow  berry  under  all  conditions.  It 
therefore  seems  reasonable  to  hope  that  from  a.  group  of  pure 
strains  of  pedigree  wheats  producing  no  yellow  berry  for  two 
successive  years — ^which  we  have — ^a  race  of  wheat  may  be 
derived  which  will  go  entirely  wide  of  this  tendency  to  de- 
terioration in  the  product.  If  the  next  few  years'  work  con- 
firms the  results  of  the  past  two,  the  outcome,  so  far  as  the 
Kansas  hard  wheat  interest  is  concerned,  will  be  a  distinctively 
valuable  one. 
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The  results  thus  far,  at  all  events,  brilliantly  demonstrate 
the  fact  that  the  pedigree  system  of  cereal  breeding  is  the  onjy 
one  whereby  definite  and  permanent  results  may  be  effected  in 
Dreeding  improved  races  of  the  grains,  since  by  the  pedigree 
method  alone  can  the  improved  strains  be  isolated  and  sep- 
arated from  those  of  inferior  character. 
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tinuous  line  of  investigation  on  hog  cholera  for  the  last  twelve 
years.  After  a  series  of  studies  on  the  BaciUica  cholera  suis, 
including  a  study  of  the  value  of  agglutination  for  the  diagno- 
sis of  the  disease,  he  began  an  aggressive  line  of  work  with  the 
filterable  virus.  He  made  many  attempts  to  attenuate  virulent 
hog-cholera  blood,  using  the  various  physical  and  chemical 
agents,  particularly  those  suggested  by  his  own  work  and  that 
of  others  on  smallpox  vaccine.  All  of  these  attempts  were  un- 
successful. At  that  time  it  occurred  to  Doctor  McClintock  that 
Jenner's  work  might  apply  to  vaccination  against  hog  cholera ; 
that  even  though  we  had  no  other  animal  susceptible  to  the 
disease,  a  residence  in  the  body  of  another  aninutl  might  at- 
tenuate the  hog-cholera  virus  without  totally  destroying  it. 

The  opportunity  to  carry  on  the  work  outlined  in  the  follow- 
ing pages  is  largely,  if  not  wholly,  due  to  Doctor  McClintock. 
Furthermore,  the  method  of  producing  the  experimental  vac- 
cine, such  as  has  been  used  in  the  following  experiments,  was 
first  suggested  by  Doctor  McClintock. 

Note. — The  plates  referred  to  in  this  Bulletin  are  photo  reproductions 
and  may  be  found  gn^ouped  at  the  end  of  the  article. 
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The  studies  on  the  value  of  this  vaccine  and  methods  of  pro- 
ducing the  same  have  been  carried  out  jointly.  The  earlier 
experiments  were  made  in  the  research  department  of  Parke, 
Davis  &  Co.,  Detroit,  Mich.,  and  the  later  ones  at  the  Kansas 
State  Experiment  Station. 

I. 
INTRODUCTION. 

The  suppression  of  the  disease,  hog  cholera,  a  problem  which 
is  recognized  as  one  of  great  importance  to  the  agricultural  in- 
terests of  the  United  States,  has  received  considerable  attention 
during  the  last  twenty  years.  At  the  present  time  few  prob- 
lems are  as  intimately  associated  with  the  agricultural  economy 
of  the  state  of  Kansas  as  that  which  is  related  to  the  practical 
eradication  of  this  animal  disease. 

Reports  from  various  parts  of  the  state  give  conclusive  evi- 
dence of  the  great  prevalence  of  hog  cholera  at  this  time. 
Hundreds  of  Kansas  farms  have  become  infected  and  thousands 
of  hogs  have  perished  during  the  past  few  months  from  this 
disease.  The  increased  prevalence  of  hog  cholera  during  the 
past  season  may  possibly  be  attributed  to  the  excessive  rains 
during  the  late  spring  and  early  sunmier  months.  Under  such 
conditions,  rdative  to  rainfall,  the  hog-cholera  virus  may  be 
washed  from  infected  p^is  and  yards  into  creeks  and  small 
streams,  these  tributaries  emptying  into  rivers  and  flooded  dis- 
tricts, thus  sweeping  the  infection  ofver  large  areas.  In  addi- 
tion to  the  simple  meduinical  action  involved  in  this  manner  of 
spreading  the  disease,  the  hoavy  rains  during  the  past  season 
served  to  keep  up  a  high  maisture  content  of  the  soil.  The 
presence  of  plenty  of  moisture  is,  of  course,  favorable  to  the 
growth  and  multiplication  of  tiie  lofwer  organisms.  Such  a 
favorable  condition,  tiieref ore,^  may  have  had  considerable  in- 
fluence in  spreading  the  disease  and  in  maintaining  the  high 
degree  of  virulence  of  the  material.  Other  n^eans  of  dissem- 
ination, sudi  as  dogs,  birds  and  boots  of  stock  buyers,  have 
doubtless  contributed  their  share  toward  the  wide  distribution 
of  the  disease. 

In  1885  Dr.  Theobald  Smith  and  Dr.  D.  E.  Sahmm  i^ofoted 
BadUtis  cholera  suis  and  described  that  organism  as  the  spe- 
cific cause  of  hog  dfiotera.  Since  that  tune  a  contmuous  line  of 
investigation  has  been  conducted  by  the  l^reau  of  An&nal  In- 
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dustry,  United  States  Department  o^  Agriculture,  for  the  pur- 
pose of  discovering  some  protective  inoculation  or  treatment 
against  the  disease.  During  the  past  few  years  several  investi- 
gators, both  in  Europe  and  America,  have  been  actively  en- 
gaged in  this  study.  In  1903  the  Bureau  of  Animal  Industry 
published  a  preliminary  report^  in  which  it  was  stated  that  it 
was  possible  to  transmit  hog  cholera  to  healthy  swine  by  in- 
jecting the  filtered  serum  of  hogs  suffering  from  cholera. 
Bacteriological  examination  proved  the  absence  in  this  filtered 
material  of  B.  cholera  suis  or  other  bacteria  capable  of  grow- 
ing on  ordinary  culture  media.  Since  the  appearance  of  the 
above  report  the  investigations  of  the  Bureau  of  Animal  In- 
dustry, as  well  as  the  results  of  extensive  work  in  other  labora- 
tories, have  confirmed  the  belief  that  BacUhia  cholera  suia  is 
not  the  specific  cause  of  hog  cholera,  or,  more  cautiously  stated, 
that  BacUlua  cholera  suia  is  not  the  etiological  factor  in  all 
forms  of  hog  cholera. 

It  seems  possible  that  Ba^nUvs  cholera  euis  may  be  a  variety 
of  the  common  intestinal  parasite,  BacHlua  coli  commuma. 
The  hog-cholera  organism  is  pathogenic  when  injected  in  cul- 
ture into  experimental  animals,  including  the  hog;  neverthe- 
less, such  is  also  true  of  BacUlua  coli  communis.  Again,  it  may 
be  possible  that  in  those  instances  in  which  BadUua  cholera 
suia  can  be  isolated  from  the  liver,  spleen  and  other  tissues  of 
hogs  dead  from  cholera  that  the  organism  has  appeared  in 
those  tissues,  having  migrated  from  the  intestinal  mucosa,  as 
does  the  colon  organism  when  it  frequently  appears  in  the 
spleen,  liver,  and  tissues  other  than  the  intestinal  mucosa, 
during  certain  processes  of  the  disease.  In  other  words,  the 
presence  of  B,  cholera  auia  in  certain  cases  may  indicate  the 
result  and  not  the  cause  of  the  disease. 

BacUlua  cholera  auia  is  certainly  not  exclusively  associated 
with  the  tissues  of  the  diseased  or  of  healthy  hogs.  White^ 
isolated  an  organism  culturally  identical  with  the  hog-cholera 
bacillus  from  the  intestine  of  healthy  honey-bees. 

McClintock,  Boxmeyer  and  Siffer^  made  a  careful  study  of 
hog-cholera  blood,  relative  to  the  presence  of  agglutinins  for 
BacUlua  cholera  auia.    In  their  work  twenty-two  specimens  of 

1.  De  Schweinlts  and  Dorset :   Boreao  of  Animal  Industry,  1903,  circular  41. 

2.  White,  Q.  F. :   Bureau  of  Entomology,  Technical  Series  No.  14,  1906. 

3.  McClintock.  Boxmeyer  and  Siffer:  Journal  of  Infectious  Diseases,  yol.  II, 
Na  2,  March  1,  1905. 
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normal  hog  blood  and  fifty-seven  specimens  of  blood  from  cases 
of  hog  cholera  were  examined.  They  summarize  the  results 
obtained  by  the  statement  that  ''Agglutination  is  of  no  value 
for  the  diagnosis  of  hog  cholera  as  the  disease  is  at  present  de- 
fined." Hottinger,*  in  a  recent  article  on  "BaciUtis  suipestifer/' 
in  which  he  bases  his  observations  upon  certain  comparative 
cultural  and  pathogenic  characters  of  B.  cholera  suis  and  B. 
coli  commvms,  concludes  as  follows :  "From  the  foregoing  ob- 
servations, it  would  appear  that  B.  cholera  suis  is  a  migratory 
colon-like  intestinal  organism,  having  acquired  pathogenic 
properties,  which  is  always,  however  not  exclusively,  found  in 
cases  of  hog  cholera."  According  to  the  present  state  of 
knowledge  regarding  the  etiological  factor  involved  in  hog 
cholera,  many  investigators  are  led  to  believe  that  certain  as- 
sumptions may  be  correct.  Experimental  evidence  certainly 
indicates  the  presence  of  some  living  organism  in  hog-cholera 
virus. 

II. 

ATTEMPTED  CULTIVATION  OP  FILTERED  VIRUS  OP  HOG  CHOLERA. 
CoUodium  Sac  Method, 

The  brilliant  investigations  of  Nocard  and  Roux,^  in  employ- 
ing the  collodium  sac  as  a  means  of  artificially  growing  the 
virus  of  contagious  pleuropneumonia  in  cattle,  resulted  in  the 
identification  of  a  very  small,  almost  ultra-microscopic,  motile 
organism.  By  inoculating  cultures  of  these  minute  organisms, 
Nocard  and  Roux  produced  the  disease  in  healthy  cattle.  The 
results  of  Nocard's  work  suggested  the  possible  advantages  of 
such  a  procedure  with  reference  to  the  filterable  hog-cholera 
virus.  A  series  of  experiments  therefore  were  conducted  in 
using  the  coUodium-sac  method  as  a  possible  means  of  arti- 
ficially cultivating  the  virus  of  hog  cholera.  This  work  was 
begun  in  August,  1905,  by  Dr.  C.  H.  Boxmeyer,  and  after  Sep- 
tember 1, 1905,  was  conducted  by  the  writer. 

Collodium  sacs,  prepared  according  to  Novy,*  were  filled  with 
hog-serum  broth  as  the  artificial  culture  m^ium.  This  me- 
dium was  prepared  by  the  addition  of  equal  parts  of  normal 

4.  Hottinger.  Robert:  Centralblatt  ftir  Bakterlologle,  etc.  Orlg.  Bd.  XLVII, 
jQlj,  1908,  p.  186. 

5.  Nocard :  Handbach  d.  Path.  Micro-orsanlsmen,  1008,  III,  p.  682.  Nocard 
and  Roux :  "Le  Microbe  de  la  peripneomonle.^'  Recuell  de  med.  veterlnalre,  March 
24,  1898,  p.  218. 

6.  NoT7,  F.  G. :   Laboratory  Work  In  Bacteriology,  second  ed.,  p.  409. 
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hog  serum  and  ordinary  nutrient  broth.  These  media  were 
inoculated  with  the  hog-cholera  virus  or  serum,  and  after  in- 
oculation were  placed  in  the  abdominal  cavity  of  the  rabbit, 
where  they  were  allowed  to  remain  for  several  days.  At  the 
time  of  each  serial  passage,  check  coUodium  sacs,  containing 
the  uninoculated  media,  were  placed  in  the  abdominal  cavity 
of  the  rabbit.  The  first  passage  through  the  rabbit  consisted 
of  coUodium  sacs  filled  with  equal  parts  of  normal  hog-serum 
broth  and  virulent  hog-cholera  serum  from  hog  No.  147.  This 
strain  of  virus  originated  from  an  outbreak  at  Pontiac,  Mich. 
The  serum  from  hog  No.  147,  before  the  inoculation  of  the 
coUodium  sac,  was  filtered  through  a  Chamberland  porcelain 
filter.  The  coUodium  sacs  of  the  first  passage  were  allowed  to 
remain  in  the  abdominal  cavity  of  the  rabbit  for  a  period  of 
twenty  days.    At  the  expiration  of  that  time  the  four  rabbits 

TABLE  1. 

OOLLODKTM  SAC  PASSAGES. 


Nam- 


tlon. 


Period  of 
llmB  al- 
lowed for 
eaohpas- 
s»ge. 


Number  of  rabbito  used  and  diagram  show- 
ing touroe  of  inoculations  of 
each  coUodium  sac 


Inoculations. 
Parts  con- 
tents preced- 
ing sac  to 
parts  of  nor- 
mal bog- 
serum  broth. 


Dilution 
of  origi- 
nal virus 
from  Hog 
147 


Hog  147. 


l8t 


2nd 


8rd 


20  days 


6  days 


25  days 


4th      16  days 


Rabbits    343    344 


5tb 


6th 


345  342  846 


10  days 


10  days 


1  A  /. 


Rabbits    847    348    349    353    350    352 


Rabbits  351  357 


1  to    1 


Ito    9 


1  to  30 


1  to  50 


1  to  80 


1  to  20 
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which  contained  the  inoculated  and  uninoculated  (control) 
coUodium  sacs  were  anesthetized  and  the  sacs  removed. 

After  a  careful  bacteriological  examination  of  the  contents 
of  the  collodium  sacs,  transfers  were  made  from  the  contents 
of  the  inoculated  sacs  of  the  first  passage  into  a  second  series 
of  normal  hog-serum  media,  and  the  second  series  was  sub- 
jected to  a  second  passage  through  the  rabbit.  After  this  man- 
ner the  original  filtered  virus  from  hog  No.  147  was  passed 
through  six  generations  or  passages  in  the  abdominal  cavity  of 
the  rabbit.  Table  1  shows  in  condensed  form  the  time  dura- 
tion for  each  passage,  extent  of  dilution  of  the  original  hog- 
cholera  virus,  and  the  number  of  the  rabbit  used  in  each  pas- 
sage. 

A  very  careful  bacteriological  examination  was  made  of  the 
contents  of  each  collodium  sac  after  its  removal  from  the  ab- 
dominal cavity  of  the  rabbit.  Several  of  the  sacs  (in  rabbits 
323,  328,  339,  348,  349,  350  and  353)  were  found  to  be  con- 
taminated  and  were  not  used  for  reinoculation.  Contents  of 
collodium  capsules  334,  335  and  343,  which  were  contaminated 
with  micrococci,  were  filtered  through  a  Pasteur  filter,  and 
from  their  filtrates,  after  bacteriological  examination,  sacs 
343,  344,  339,  345  and  347  of  succeeding  generations  were  re- 
spectively inoculated. 

In  no  instance  could  the  presence  of  any  growth  be  detected 
in  the  contents  of  the  collodium  capsules.  The  contents  of  each 
sac  was  subjected  to  the  most  careful  microscopical  examina- 
tion. Various  attempts  were  made  to  obtain  growths  by  ma- 
king transfers  from  the  collodium-sac  contents  to  coagulated 
normal  hog-serum  media,  normal  hog-serum  bouillon  land  nor- 
mal rabbit-serum  bouillon.  Experimental  animals  were  inocu- 
lated with  material  from  the  capsules. 

Frequently  a  slight  cloudiness  could  be  detected,  which,  upon 
comparison  with  the  control  sacs,  was  found  not  to  denote  the 
presence  of  any  apparent  growth.  This  cloudiness  appeared 
to  be  caused  by  a  precipitate  which  probably  resulted  from  the 
hog  serum.  At  the  completion  of  the  sixth  passage  a  hog  was 
injected  with  some  of  the  contents  of  sacs  from  rabbits  351 
and  357,  with  no  apparent  results. 
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IIL 
IMMUNIZATION  AGAINST  THE  DISEASE. 

The  study  of  hog  cholera  in  all  its  various  phases  centers  in 
one  intensely  practical  problem,  namely,  that  of  preventive  in- 
oculation. Before  the  recognition  of  the  fact  that  BadUtis 
cholera  auis  was  not  the  specific  cause  of  the  ''filterable-virus 
form"  of  the  disease,  many  ineffectual  attempts  were  made  to 
produce  some  protective  substance,  using  the  hog-cholera  or- 
ganism as  the  basis.  Since  the  time  that  BaciUtis  cholera  suis 
has  been  practically  eliminated  as  the  etiological  factor  of  the 
disease,  various  attempts  have  been  made  to  cultivate  arti- 
ficially the  filterable  virus.  All  of  these  attempts  have  pro- 
duced negative  results.  The  attention  of  many  investigators 
therefore  has  been  turned  toward  the  production  of  a  vaccine 
or  antitoxin  for  the  disease,  using  the  filterable  virus  as  a  basis. 

Attempts  to  attenuate  the  hog-cholera  virus  by  the  use  of 
various  diemicals  and  by  drsdng  at  different  temperatures  have 
thus  far  met  with  failure. 

In  1897  Eolle  and  Turner^  published  the  results  which  at- 
tended their  method  of  simultaneous  vaccination  in  combating 
rinderpest  in  South  Africa.  The  simultaneous  method  of  vac- 
cination of  healthy  hogs  as  a  protection  against  hog  cholera 
has  been  the  subject  of  an  extensive  line  of  experimental  work 
by  the  Bureau  of  Animal  Industry,  United  States  Department 
of  Agriculture.  As  a  result  of  their  work  the  Bureau  of  Ani- 
mal Industry  has  recently  developed  the  method  to  such  an 
extent  that  several  state  experiment  stations  are  making.prep- 
aratlons  to  manufacture  the  vaccine  and  supply  the  product  at 
cost  to  swine  owners.  The  essential  features  of  this  method 
consist  in  the  subcutaneous,  simultaneous  injection  of  h3rper- 
immune  serum  and  disease-producing  blood  into  the  healthy 
hog.  In  other  words,  the  healthy  animal  is  inoculated  with 
from  1  to  3  cc.  of  hog-cholera  virus  and  at  the  same  time  re- 
ceives from  10  to  30  cc.  of  serum  from  a  hog  which  has  been 
h3rper-immunized  against  the  disease.  Apparently  the  reac- 
tion which  follows  the  inoculation  with  the  virus  is  inhibited 
by  the  influence  of  the  hyper-immune  serum  and  the  vacci- 
nated animal  consequently  acquires  a  sufficient  degree  of  im- 
munity to  protect  it  against  subsequent  exposures  to  hog  chol- 

7.    KoUe  and  Torner :   Deutsch  Med.  Woclinsch,  1897,  p.  798. 
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era.  The  duration  of  immunity  extends  over  a  period  of 
several  months.  The  hyper-immune  serum  is  obtained  from 
hogs  which  are  first  immunized  either  through  natural  or  ao 
quired  inmiunity,  and  later  are  subjected  to  hypodermic  in- 
jections of  large  quantities  of  hog-cholera  blood  serum. 

There  is  no  question  as  to  the  efficiency  of  the  simultaneous 
method.  Extensive  successful  experimentation  by  the  Bureau 
of  Animal  Industry,  as  well  as  confirmatory  experimental  evi- 
dence obtained  by  other  workers,  shows  beyond  a  doubt  that 
the  above  proc«iure  successfully  vaccinates.  The  United 
States  Department  of  Agriculture  is  to  be  conmiended  for  its 
persistent  and  effective  work  upon  hog  cholera.  Much  credit 
is  due  to  those  connected  with  the  Bureau  of  Animal  Industry 
for  their  determined  and  inteUigent  scientific  efforts  to  eradi- 
cate this  disease.  From  a  practical  point  of  view,  however, 
"Dorset's  Hog  Cholera  Vaccine,"  or  the  simultaneous  method 
of  vaccination,  has  certain  important  disadvantages.  "Dorset's 
Hog  Cholera  Vaccine"  is  not,  at  present,  practical,  because  of 
the  expense  involved  in  its  preparation.  The  fundamental 
reason  for  this  expense  is  the  fact  that  a  hog  yields  only  a  small 
amount  of  blood  in  comparison  with  most  other  animals.  At 
the  beginning  of  the  preparatory  procedure,  hogs  are  im- 
munized, either  naturally  or  artificially,  against  the  disease.  It 
is  presumable  that  during  this  process  some  animals  may  be 
lost.  With  the  next  step  the  inmiune  hogs  are  hyper-inmiu- 
nized  by  the  injection  of  relatively  large  quantities  of  hog- 
cholera  serum.  This  serum  must  be  procured  from  a  large 
number  of  hogs  suffering  from  the  acute  form  of  the  disease. 
These  animals  may  be  located  at  the  vaccine  plant  itself,  or  in 
the  field  on  various  infected  farms.  The  third  and  last  essen- 
tial step  is  the  obtainment  of  the  blood  serum  from  the  hyper- 
immunized  animals.  This  is  the  most  disappointing  part  of 
the  whole  procedure.  Whether  the  hyper-immune  animal  is  re- 
lieved at  one  time  of  all  its  blood  from  the  carotid  artery  or 
whether  it  is  required  to  3aeld  its  body  fluid  by  several  instal- 
ments from  the  tail,  the  results  are  not  highly  encouraging, 
because  of  the  relatively  small  amount  of  blood  which  can  be 
secured.  This  fact,  taken  in  connection  with  the  experimental 
evidence  that  ten  or  more  cubic  centimeters  of  the  immune 
serum  are  necessary  in  the  preventive  treatment  of  a  fifty- 
pound  pig,  presents  serious  difficulties  to  those  who  may  wish 
to  apply  the  method  in  a  practical  way. 
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Again,  the  simultaneous  method  of  vaccination  may  not  be 
•of  advantage  because  of  the  danger  accompanying  the  use  of 
the  necessary  pathogenic  hog-cholera  virus  as  a  part  of  the 
vaccination.  There  is  always  more  or  less  risk  involved  in  dis- 
tributing various  vaccines.  It  seems  reasonable  to  suppose 
that,  in  comparison  with  attenuated  products  such  as  black-leg 
vaccine,  there  would  be  much  more  risk  concerned  in  placing 
upon  the  market  a  hog-cholera  vaccine,  one  part  of  which  is 
virulent  hog-cholera  serum.  The  danger  that  might  follow 
the  broadcast  distribution  of  hog-cholera  virus,  in  some  in- 
stances among  careless  veterinarians  and  uninformed  farmers, 
•cannot  be  ignored. 

IV. 

ATTEMPTED  ATTENUATION  OP  HOG-CHOLERA  VIRUS  BY  PASSAGE 
THROUGH  ANIMALS  OTHER  THAN  THE*  HOG. 

Various  unsuccessful  attempts  have  been  made  to  communi- 
cate the  disease  of  hog  cholera  to  animals  other  than  the  hog. 
Repeated  inoculations  have  shown  that  the  common  laboratory 
animals  are  not  susceptible  to  the  filterable  virus. 

In  1905  a  number  of  series  of  experiments  were  undertaken 
by  the  writer  in  an  attempt  to  determine  whether  hog-cholera 
serum  could  be  attenuated  or  modified  by  passage  through 
some  domesticated  animal.  The  sheep  was  the  first  animal 
upon  which  any  extensive  work  was  conducted.  About  fifteen 
fiheep  were  used.  Most  of  the  animals  were  injected  in  the 
jugular  vein  with  hog-cholera  serum,  the  average  amount  in- 
jected being  about  100  cc.  The  sheep  were  bled  at  varying 
intervals  of  time  and  their  serums  introduced  into  healthy  hogs. 
Several  days  after  treatment  with  the  sheep  serum,  the  hogs, 
together  with  controls,  were  exposed  to  hog  cholera.  This 
work  was  attended  with  variable  results,  some  negative,  some 
positive,  all,  on  the  whole,  distinctly  lacking  in  uniformity. 
The  general  conclusion  was  reached  that  under  some  condi- 
tions passage  through  the  sheep  attenuated  the  virus  in  such  a 
way  that  it  would  successfully  vaccinate  healthy  hogs.  It  ap- 
peared, however,  that  no  definite  degree  of  uniformity  or 
standardization  of  the  experimental  sheep-serum  vaccine  could 
be  obtained.  The  employment  of  the  sheep  was  therefore 
suspended,  and  the  next  animal  used  was  the  donkey. 

The  results  obtained  in  the  experimental  work  with  the 
donkey-serum  vaccine  were  more  encouraging.    On  the  whole. 
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these  experiments  were  quite  uniform.  One  of  these  series  ap- 
pears in  the  following  pages.  After  some  work  with  the 
donkey,  the  horse  was  used  as  a  medium  in  attempting  to 
produce  a  satisfactory  vaccine.  The  horse  was  substituted  for 
the  donkey  because  of  the  general  adaptability  of  the  horse  ta 
such  work  and  the  comparatively  large  3aeld  of  blood  which 
may  be  obtained  from  this  animal.  Uhlenhuth,  Hubener,  Xy- 
lander  and  Bohtz,^  in  1908,  stated  that  ''the  serum  of  the  horse 
and  donkey  which  were  treated  with  repeated  intravenous  in- 
jections of  virus  containing  fluids  had  neither  a  protective  nor 
a  healing  property.  Whether  the  hyper-immunization  of  the 
animal  will  enhance  the  production  of  anti-bodies  must  be  de- 
termined." 

No  attempt  has  been  made  in  this  work  to  produce  an  ex-^ 
perimental  hog-cholera  antitoxin  from  the  horse.  The  work 
has  been  directed  more  particularly  toward  the  attempted  pro^ 
duction  of  a  horse-serum  hog-cholera  vaccine. 

V. 

POSSIBLE  TOXIC  ACTION  OP  HOG-CHOLERA  SERUM  ON  THE 
HEALTHY  HORSE. 

Repeated  observations  at  the  Kansas  Experiment  Station- 
have  shown  that  the  intravenous  injection  of  hog-cholera  serum 
into  the  horse  produces  in  that  animal  immediate  and  well- 
marked  symptoms.  The  most  pronounced  symptoms  are  ac- 
celerated pulse,  followed  by  irregular  and  weakened  heart  ac-^ 
tion,  quickened  respiratory  functions,  and  violent  peristalsis.. 
The  writer  has  found  that  the  average  horse  cannot  receive  at 
one  time  more  than  150  to  200  cc.  of  virulent  hog-cholera  se- 
rum. Experiments  indicate  that  an  intravenous  dose  in  excess; 
of  from  150  to  200  cc.  will  invariably  cause  very  serious  dis- 
turbances and  frequently  death.  The  symptoms  appear  soon 
after  the  injection  of  the  virus  and  continue  from  one  to  six 
hours.  Not  until  comparatively  recently  in  the  course  of  this 
investigation  has  much  attention  been  paid  to  the  possible  toxic 
action  of  hog-cholera  virus  upon  the  horse.  The  serious  dis- 
turbances caused  by  such  injections  were  carefully  noted,  but 
the  impression  was  held  that  the  symptoms  were  produced 
simply  by  the  direct  introduction  of  foreign  serum  into  the- 

8.  Ulilenhoth,  Hobener,  Xylander,  Bohtz :  "Unteraochongen  Ober  das  Wesen  und' 
die  Bekampfung  der  Schweinepest,"  Arb.  A.  d.  Eaiserl.  Qesundheitsamt,  Bd.  27^ 
1908*  a.*  3. 
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circulatory  system  of  the  animal.  The  following  appended 
notes  show  some  of  the  observations  which  have  been  made 
and  which  suggest  the  toxicity  of  hog-cholera  serum  for  the 
horse  when  injected  intravenously: 

Horse  No.  4,  bay  gelding,  weight  about  1300  pounds,  in  good  condition, 
except  lameness  in  right  front  limb  due  to  contracted  tendon.  July  31, 
1908y  four  P.  M.,  horse  No.  4  was  injected  in  jugular  vein  with  140  cc. 
noimal  hog  serum.  Fifte^i  minutes  after  injection  heart  action  and 
respiration  slightly  accelerated.  One  hour  after  injection  temperature 
was  108  degrees.  One-half  hour  after  treatment  a  few  raised  blotches  or 
pimples  appeared  on  the  skin.  August  1,  eight  a.  m.,  temperature  nor- 
mal and  skin  eruptions  had  disappeared. 

August  19,  9:  25  A.  M.,  same  horse  (No.  4)  injected  with  130  cc.  of  Nor- 
wood, Kan.,  strain,  filtered  hog-cholera  serum.  Immediately  after  treat- 
ment the  respiration  and  heart  action  were  greatly  accelerated,  both  rap- 
idly increased  for  twenty  minutes.  One-half  hour  after  injection  heart 
became  depressed  and  pulse  almost  obliterated.  At  this  time  the  animal 
broke  out  in  a  profuse,  cold,  clammy  sweat.  At  the  end  of  forty-five 
minutes  the  horse  became  very  weak,  staggered  and  fell.  Eye  dull  and 
listless.  During  this  time  peristalsis  was  very  violent,  within  twenty 
minutes  after  treatment  the  animal  having  had  ten  profuse  watery  evacu- 
ations. The  effect  in  this  particular  was  like  that  from  a  dose  of  eserin. 
One-half  hour  after  injection  the  animal  received  orally  four  ounces  of 
alcohol,  and  forty-five  minutes  afterwards  one-fourth  grain  of  digitalin 
was  injected  subcutaneously.  After  two  hours  the  animal  began  to 
slowly  recover,  and  by  evening  appeared  normal  with  the  exception  of  a 
condition  of  extreme  exhaustion.  The  temperature  of  horse  No.  4  during 
the  above  treatment  appears  in  the  accompanying  chart  (table  2) : 

Animal  *fof^K         No^ 

Tablc  S 

i/ucr  /SO 8 
99^90^/    /    ft    J    ^   S-e    7    e    #    /a  //   /a /J  ^  JIf /6  ^7  /V  J9  S0  Mf  a  S9  B4  Bf  £4  S7 


The  results  of  the  above  experiment  were  far  from  con- 
clusivey  in  the  first  place,  because  of  the  possibility  of  some 
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reaction  allied  to  anaphylaxis.  Rosenau  and  Anderson^  have 
called  attention  to  such  a  condition  of  sensitization  which  is 
produced  by  the  introduction  of  repeated  injections  of  horse 
serum  into  the  guinea-pig.  It  perhaps  might  be  suspected^ 
therefore,  that  horse  No.  4,  which  had  received  an  intravenous 
injection  of  normal  hog  serum  twenty  days  before  the  intra- 
venous injection  of  hog  serum,  had  become  sensitized  to  the  hog 
serum  to  such  an  extent  that  the  marked  sjmtiptoms  following 
the  second  injection  were  those  pertaining  to  some  reaction 
resembling  anaphylaxis. 

In  order  that  this  point  relative  to  a  possible  anaphylactic 
reaction  might  be  made  more  clear,  a  second  horse  was  in- 
jected in  the  jugular  vein,  at  intervals  on  the  average  of  every 
seven  days,  with  increasingly  larger  doses  of  hog-cholera  se- 
rum. The  animal  received  seven  treatments  after  this  man- 
ner.  The  horse  received  the  seventh  intravenous  injection  of 
hog-cholera  serum,  consisting  of  75  cc.,  on  August  11,  1908. 
Eleven  days,  afterward  the  animal  was  injected  with  normal 
hog  serum.  The  following  observations  and  appended  tem- 
perature chart  give  the  data  on  this  experiment: 

Horse  No.  2,  gray  gelding,  in  fair  condition.  This  animal  had  re- 
ceived the  following  injections,  intravenously,  of  hog-cholera  serum  (Nor- 
wood strain) :  July  4,  8  cc;  July  7,  6  cc.;  July  17,  17  cc.;  July  21,  80 
CO.;  July  28,  42  cc.;  August  8,  68  cc. 

On  August  11,  1908,  10  A.  M.,  horse  No.  2  was  injected  with  75  cc.  of 
hog-cholera  serum  (Norwood,  Kan.,  strain).  Five  minutes  after  treat- 
ment the  animal  broke  out  in  a  copious,  cold,  clammy  perspiration.  The 
respiration  was  painfully  accelerated  and  heart  action  rapid,  at  times 
very  irregular.  The  heart  finally  became  weak  and  the  pulse  was  almost 
obliterated.  Peristalsis  very  active  and  severe  purging  and  watery 
evacuations  followed.  These  symptoms  extended  in  grave  form  over  a 
period  of  about  three  hours.  No  stimulants  were  administered,  and  after 
three  and  one-half  hours  the  animal  gradually  became  more  comfortable. 
Six  hours  after  the  injection  the  respiratory  functions  were  nearly  nor- 
mal although  the  heart  was  still  weak  and  the  animal  was  greatly  ex- 
hausted. Seven  hours  after  the  treatment  the  temperature  was  nearly 
104  degrees.    (See  table  8,  page  49.) 

On  August  22  the  same  animal,  horse  No.  2,  received  intravenously 
85  cc.  of  normal  hog  serum.  After  treatment  the  animal  showed  slightly 
accelerated  pulse  and  respiration.  These  disturbances  were  detected  by 
careful  examination.  Five  minutes  after  injection  the  horse  was  turned 
out  in  paddock  and  immediately  started  eating  grass.    The  animal  was 

9.  Resenau  and  Anderson :  "A  Study  of  the  Cause  of  Sudden  Death  Following 
the  Injection  of  Horse  Serum"  and  "Further  Studies  upon  Anaphylaxis,"  Bulletins 
29  and  45,  Hyg.  Lab.  U.  S.  Pub.  Health  and  Mar.  Hosp.  Serv.,  Wash. 
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carefully  watched  for  some  time.    However,  no  symptoms  other  than  very 
slight  disturbances  of  the  heart  and  respiration  were  noted. 

AMHM.    /MBMV  no.i  AIMMI  No 


ft^^ 


It  will  be  noticed  in  both  experiments  indicated  above  that 
in  each  instance  the  animal  receh;^  of  the  normal  hog  serum 
10  cc.  in  excess  of  the  amount  of  hog-cholera  serum  injected. 
In  both  instances  the  hog-cholera  virus,  in  comparison  with  the 
normal  hog  serum,  produced  marked  symptoms  whith  strongly 
suggest  th«  toxicity  of  the  cholera  virus  upon  the  holrse. 

VI. 

MODIFIED  CONDITION  OF  VIRULENT  HOG-GHOLERA  SERUM  AFTER 
SHORTER  OR  LONGER  RESmENCE  IN  THE  BLOOD  OF  THE  DONKEY 
AND  HORSE. 

In  the  experimental  use  of  the  horse  as  a  medium  for  the 
modification  of  the  hog-cholera  virus  the  work  logically  re- 
solves itself  into  the  solution  of  certain  definite  points.  Funda- 
m^itally,  the  subsequent  experiments  depend  upon  the  proof  of 
the  fact  that  a  residence  in  the  blood  of  the  horse  causes  at- 
tenuative  changes  to  take  place  in  the  hog-cholera  virus.  If  the 
virus  does  become  attenuated,  experiments  must  show  whether 
the  modifications  of  the  virus  are  reasonably  uniform  and 
under  what  conditions  the  attenuation  takes  place.  More  spe- 
cifically, a  determination  must  be  made  of  the  exact  period  of 
residence  in  the  blood  of  the  horse  which  will  cause  the  proper 
degree  of  attenuation,  so  that  the  recovered  modified  hog- 
cholera  virus  will  act  as  a  vaccine  and  not  as  a  disease-produc- 
ing agent. 

In  canying  out  these  experiments  the  horse  is  injected  in 
the  jugular  vein  with  a  given  quantity  of  virulent  hog-cholefa 
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serum.    The  amount  of  virus  introduced  intravenously,  de- 
pending upon  the  animal  used,  varies  from  85  to  200  cc. 

The  horse  is  then  bled  at  various  intervals  of  time  after  the 
injection.  The  blood  is  placed  in  a  refrigerator,  and  after  a  few 
days  the  equine  serum  is  collected  and  tested  upon  healthy 
swine. 

1.   Strain  of  filterable  hog-cholera  virus  used  in  present 
investigation. 

The  strain  of  hog-cholera  virus  which  is  now  employed  in 
the  present  investigation  was  obtained  from  an  outbreak  at 
Norwood,  Kan.  This  material  represents  a  very  acute  t3i>e  of 
the  disease  and  is  well  adapted  to  use  in  experimental  work. 
The  history  of  this  outbreak  is  as  follows : 

On  July  14,  1908,  the  farm  of  Clinton  Eversol,  one-half 
mile  west  of  station  of  Norwood,  was  visited.  It  was  found  that 
acute  hog  cholera  existed  on  this  farm.  Three  weeks  before 
the  time  of  visit,  Mr.  Eversol  had  a  herd  of  200  hogs.  On  July 
14,  he  probably  had  left  about  one-third  of  the  original  herd  of 
200.  The  disease  affected  the  young  pigs  in  a  more  acute  man- 
ner than  the  older  hogs.  Th^re  were  probably  40  or  50  spring 
pigs,  all  of  which  showed  symptoms  of  the  disease  in  various 
stages.  Some  of  the  sows  were  sick  and  several  of  them  had 
died.  A  pig  weighing  perhaps  seventy-five  or  eighty  pounds, 
which  had  showed  typical  symptoms  of  hog  cholera  for  a  few 
days,  was  bled  aseptically  from  the  cartoid  artery.  After 
bleeding  a  careful  post-mortem  was  made,  and  tygicsX  le- 
sions of  severe  hog  cholera  were  found.  The  skin  of  the  ven- 
tral portion  of  the  body  was  discolored ;  the  ears  were  purplish ; 
subcutaneous  tissues  contained  blood  extravasation;  portions 
of  the  dependent  lobes  of  the  lungs  were  hepatized ;  heart  ap- 
parently normal ;  liver  normal ;  kidneys  showed  a  few  petechise. 
The  spleen  was  very  much  enlarged  and  gorged  with  blood. 
The  caecum  and  large  intestine  showed  the  presence  of  very 
typical  ulcers.  The  spleen  and  specimens  of  the  intestinal 
ulcers  were  brought  to  the  laboratory  and  preserved  as  mu- 
seum specimens. 

Origin  of  the  Outbreak. — ^According  to  the  statements  of 
Mr.  Eversol,  an  epizootic  of  hog  cholera  existed  last  fall  and 
winter  in  that  county  and  north  of  it.  During  the  very  rainy 
season  last  spring  and  early  summer  his  hogs  had  access  to  the 
overflow  of  water  from  a  creek  which  runs  through  the  farm. 
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It  is  believed  that  the  virus  was  conveyed  by  the  creek,  coming 
down  from  the  infected  farms  north  of  it.  As  evidence  of  this 
origin  of  the  outbreak,  it  was  found  that  four  other  farms  in 
the  inmtiediate  locality  were  infected  with  hog  cholera,  and 
that  the  hogs  belonging  on  these  farms  had  had  access  to  the 
creek  water.  Several  farms  in  the  neighborhood  bordering  on 
this  creek  were  free  from  cholera,  but  the  hogs  on  these  did  not 
have  access  to  the  creek  water. 

2.    Virulent  character  of  the  blood  serum  of  the  horse,  two  to 

seven  hours^^  after  intravenous  injection  of  the  animal  with 

hog-cholera  vines. 

Experimental  evidence  indicates  that  a  portion  of  blood  se- 
cured from  the  horse  two  to  four  hours  after  the  animal  has 
received  85  to  200  cc.  of  hog-cholera  serum  intravenously  will 
manifest  virulent  properties  when  injected  intravenously  into 
the  healthy  hog.  The  following  data  relate  to  this  phase  of 
the  work : 

On  July  17,  1908,  11  A.  M.,  horse  No.  3,  bay  gelding  in  good  condition, 
was  injected  intravoiously  with  160  cc.  of  hog-cholera  serum  (Norwood 
strain) .  The  usual  symptoms  as  described  above  were  exhibited.  Heart 
at  first  greatly  accelerated,  later  depressed;  respiration  accelerated  and 
difficult;  peristalsis  violently  active.  The  temperature  of  the  animal 
four  hours  after  the  injection  was  103  degrees.  Four  hours  after  the  in- 
jection two  liters  of  blood  were  drawn,  and  twenty-four  hours  after  five 
liters  were  obtained. 

On  July  18,  1908,  hog  No.  9,  small  red  Duroc-Jersey,  weifi^t  30 
pounds,  was  injected  in  the  ear  vein  with  5  cc  of  horse  No.  3,  4-hour 
serum.  On  July  23,  five  days  after  inoculation,  this  pig  showed  loss  of 
appetite,  languor,  and  thermal  reaction  6i  105.8  degrees.  (See  table  4.) 
After  the  fifth  day  the  animal  refused  all  food,  remained  in  a  comer, 
was  constipated  and  became  greatly  emaciated.  On  the  fourteenth  day 
aftet  inoculation,  August  1,  the  pig  being  moribund,  was  chloroformed, 
bled  from  the  carotid  artery,  and  autopsy  made.  Typical  lesions  of  hog 
cholera  were  found.  On  the  ventral  portion  of  the  body  were  purple  dis- 
colorations  of  the  skin;  blood  extravasations  in  the  subcutaneous  tissue; 
portion  of  the  dependent  lobes  of  both  lungs  were  congested  and  hepa- 
tized;  spleen  soft  and  gorged  with  blood;  liver  and  kidneys  normal;  the 
inguinal,  mediastinal  and  mesenteric  lymphatic  glands  enlarged  and 
hemorrhagic.  Evidences  of  ulceration  were  present  in  the  cecum.  (See 
plate  6.) 

As  a  means  of  control  or  check  on  the  above  experiment 

10.  Hereafter,  In  this  bulletin,  "2-hour  horse  serum,"  "4-hour  horse  serum"  or 
"24-hour  horse  serum"  will  be  used  to  indicate  that  the  serum  in  question  was  ob- 
tained from  the  horse  two  hours,  four  hours  or  twenty-four  hours  after  the  animal 
was  Injected  intravenously  with  hog-cholera  serum. 

-2 
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with  the  4-hour  horse  serum,  the  following  inoculation  experi- 
ment was  conducted  with  the  original  Norwood  hog-cholera 
serum : 

Hog  No.  10,  belonging  to  the  same  litter  with  hog  No.  9,  on  July  18, 
1908,  was  injected  in  the  ear  vein  with  5  cc.  of  the  same  lot  of  hog-cholera 
serum  which  was  used  in  the  preparation  of  the  4-hour  horse  serum, 
horse  No.  3.  Five  days  after  inoculation,  July  23,  this  animal  manifested 
loss  of  appetite  and  constipation.  The  usual  symptoms  became  gradually 
more  pronounced  for  the  next  few  days,  but  by  August  30  the  appetite 
had  returned  and  the  pig  became  brighter.  On  August  5,  however, 
typical  symptoms  of  acute  cholera  were  again  present,  and  on  August  8, 
twenty-one  days  after  inoculation,  the  animal,  being  moribund,  was 
chloroformed,  bled,  and  autopsy  performed.  (See  table  5.)  Typical 
lesions  of  cholera  were  found,  although  not  as  severe  pathological  condi- 
tions were  present  in  proportion  to  the  duration  of  infection  in  each  case 
as  those  which  were  found  in  hog  No.  9. 
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On  October  9,  1908,  hogs  Nos.  28,  29  and  30  were  injected 
subcutaneously  with  2-  to  7-hour  horse  serum.  The  results  of 
this  test  indicate  the  virulent  nature  of  2-hour  horse  serum. 
This  experiment  also  logically  shows  that  attenuative  changes 
in  the  hog-cholera  virus  take  place  after  a  residence  of  from 
five  to  seven  hours  in  the  blood  of  the  horse. 

The  temperature  curves  of  hogs  Nos.  28,  29  and  30  are 
shown  in  tables  6,  7  and  8.  The  following  appended  notes  give 
the  details  of  the  experiment : 

Hogs  Nos.  28,  29  and  30,  weight  about  30  pounds  each,  all  belonging 
to  the  same  litter,  on  October  9,  1908,  were  treated  as  follows:    Hog  No. 

28,  injected  intravenously  with  4  cc.  7-hour  horse  No.  3  serum;  hog  No. 

29,  injected  intravenously  with  4  cc.  5-hour  horse  No.  3  serum;  hog  No. 

30,  injected  intravenously  with  4  cc.  2-hour  horse  No.  3  serum. 

Hog  No.  28,  seven  days  after  inoculation  with  7-hour  horse  serum, 
showed  a  temperature  reaction  of  1^  degrees.  (See  table  6.)  No  other 
deviations  from  normal  conditions  occurred  and  the  animal  is  at  present 
in  healthy  condition. 

Hog  No.  29,  seven  days  after  receiving  the  5-hour  horse  serum,  showed 
a  slight  rise  in  temperature  (see  table  7),  which  continued  for  several 
days.  On  October  19,  nine  days  after  inoculation,  hog  No.  29  appeared 
to  have  a  slight  chill  and  showed  loss  of  appetite.  By  August  21,  twelve 
days  after  inoculation,  the  animal  was  normal  in  every  way  and  is  at 
present  in  good  condition. 

Hog  No.  80,  on  October  14,  five  days  after  inoculation,  had  a  tem- 
perature of  104  degrees,  which  gradually  rose  on  October  17  to  104.8  de- 
grees. (See  table  8.)  The  ttnimal  showed  loss  of  appetite,  constipation, 
and  the  usual  symptoms  of  hog  cholera.  On  October  19,  the  temperature, 
after  having  dropped  to  103.4  degrees  on  the  preceding  day,  reached  106 
degrees.  The  symptoms  steadily  became  more  pronounced,  and  on  Oc- 
tober 24,  fifteen  days  after  inoculation,  hog  No.  30  being  moribund,  was 
chloroformed,  bled,  and  autopsy  performed.  The  lesions  were  those  of 
the  acute  tyi>e  of  hog  cholera. 

When  one  considers  that  the  hog-cholera  virus  is  introduced 
into  the  horse  m  the  rough  proportion  of  150  cc.  of  virus  to 
30,000  cc.  or  more  of  horse  blood,  making  a  dilution  of  1  part  of 
hog-cholera  virus  to  200  or  more  parts  of  horse  blood,  and 
that  the  2-  to  4-hour  horse  serum  will  produce  the  typical  form 
of  the  disease  in  a  healthy  hog,  it  may  be  theorized  that  for  the 
first  few  hours  after  the  injection  of  the  animal,  the  hog- 
cholera  virus  or  organism  rapidly  multiplies  in  the  body  fluid 
of  the  horse.  The  results  obtained  from  inoculation  of  hogs 
Nos.  28  and  29  with  7-  and  5-hour  horse  serum,  respectively, 
make  evident  the  fact  that  after  five  to  seven  hours'  residence 
in  the  blood  of  the  horse  the  hog-cholera  virus  undergoes  at- 
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tenuative  changes.  In  the  following  pages  it  will  be  seen  from 
a  number  of  series  of  experiments  that  24-hour  horse  serum  is 
more  attenuated  in  virulence.  Therefore  we  may  assume 
that  this  attenuation  is  not  due  to  mere  dilution  of  the  hog- 
cholera  virus  in  the  horse's  blood,  but  that  it  is  the  result  of 
physiological  activity  and  antagonistic  forces ;  a  process  of  at- 
tenuation which  should  be  found  to  be  uniform  and  constant  to 
a  greater  or  lesser  degree. 

The  above  experiment  is  of  considerable  importance  in  that 
it  tends  to  prove  that  2-  to  4-hour  horse  serum  contains  the 
virus  in  sufficient  quantity  and  strength  to  produce  the  disease 
in  the  acute  form.  This  experimental  evidence  may  be  of  some 
aid  in  determining  the  nature  of  the  organism  which  is  the  spe- 
cific cause  of  the  disease. 

3,   Intraverums  versus  subcutaneous  inoculation  with  i-hour 
horse-serum  hog-cholera  virus. 

The  abov6  experiments  indicate  the  infectious  nature  of 
4-hour  horse  serum  when  injected  intravenously  into  the 
healthy  hog.  An  attempt  was  then  made  to  produce  the  disease 
by  injecting  4-hour  horse  serum  subcutaneously.  On  September 
2,  1908,  hog  No.  22  was  injected  subcutaneously  with  4  cc.  of 
horse  No.  4,  4-hour  serum.  On  September  4,  1908,  hog  No.  23 
received  subcutaneously  4  cc.  of  horse  No.  3,  4-hour  serum.  No 
apparent  results  followed  the  above  inoculations,  except  a  pos- 
sible temperature  reaction  in  the  case  of  hog  No.  23  on  the 
fifth  day  after  inoculation.    (See  tables  37  and  38.) 

On  September  15,  hogs  Nos.  22  and  23  were  each  injected  intra- 
venously with  5  cc.  of  the  same  respective  lots  of  4-hour  horse  serum 
which  they  had  previously  received  subcutaneously.  On  the  same  date, 
hog  No.  26,  a  control,  was  injected  in  the  ear  vein  with  5  cc.  of  horse 
No.  3,  4-hour  serum.  Hogs  Nos.  22  and  23  remained  in  a  normal  condi- 
tion, while  hog  No.  26,  the  control,  showed  the  usual  symptoms  of  the 
disease  after  an  incubation  period  of  seven  days,  and  became  moribund 
on  the  twelfth  day  after  inoculation. 

Thus  it  appears  from  this  preliminary  work  that  4-hour 
horse  serum  contains  highly  virulent  properties  when  injected 
intravenously  into  the  healthy  hog,  while  the  subcutaneous  in- 
jection of  the  same  does  not  produce  the  disease.  Further- 
more, the  subcutaneous  inoculation  of  the  4-hour  horse  serum 
is  not  inert,  because  it  shows  protective  properties.  (See 
plate  13.) 


Digitized  by  VjOOQIC 


Nov.  1908.]     Hog  Cholera  and  Preventive  Treatment.  57 

This  phase  of  the  work  is  far  from  being  completed.  De- 
terminations relative  to  pathogenetic  and  protective  properties 
must  be  made  of  horse  serum  drawn  at  close  intervals  of  time 
from  one-half  hour  to  several  hours  after  the  animal  has  re- 
ceived the  hog-cholera  virus  in  the  blood.  It  is  obvious  that 
this  work  is  of  considerable  practical  value. 

The  thought  suggests  itself  that,  in  case  a  satisfactory  vac- 
cine cannot  be  obtained  from  horse  serum,  this  part  of  the 
method  might  possibly  be  utilized  in  the  simultaneous  method. 
Assuming  that  conclusive  investigations  should  prove  that  2- 
to  4-hour  horse  serum  maintains  a  constant  virulent  character, 
then  this  horse  serum  virus  might  be  substituted  for  the  hog- 
cholera  serum  virus  in  the  preparation  of  "Dorset's  Hog  Chol- 
era Vaccine.'*  Such  a  substitution  would  tend  to  reduce  the 
expense  of  the  simultaneous  method. 

4.    Attenuated  character  of  hog-cholera  virus  after  twenty- 
four  hours  or  more  residence  in  the  blood  of  the  horse. 

The  following  data,  in  comparison  with  the  intravenous  in- 
jection of  4-hour  horse  serum,  show  the  results  obtained  by  the 
same  method  of  inoculation  when  24-hour  horse  serum  is  em- 
ployed: 

Hog  No.  245,  weight  60  pounds,  on  February  26,  1907,  was  injected  in 
the  ear  vein  with  10  cc.  of  24-hour  horse  serum.  (Gray  gelding,  blood 
drawn  twenty-four  hours  after  being  injected  in  the  jugular  vein  with 
150  cc.  of  mixed  hog-cholera  serum.)  Hog  No.  245  received  subcuta- 
neously  at  the  same  time  10  cc.  of  the  same  virus.  On  March  4  this 
animal  received  intravenously  a  second  injection  of  the  same  lot  of  24- 
hour  horse  serum.  Five  days  after  the  second  injection  the  animal  showed 
a  marked  thermal  reaction,  the  temperature  remaining  between  105  de- 
grees and  106  degrees  for  four  days,  after  which  it  became  normal.  This 
pig  showed  no  loss  of  appetite  or  other  symptoms  at  any  time  during  the 
treatment.  On  April  15  he  weighed  82  pounds,  showing  a  gain  of  22 
pounds  since  the  beginning  of  the  treatment  on  February  26. 

Hog  No.  247,  weight  61  pounds  on  February  26,  1907,  received  10  cc. 
intravenously  and  10  cc.  subcutaneously,  of  24-hour  horse  serum.  On 
March  4  he  was  injected  the  second  time  intravenously  with  24-hour 
horse  serum.  This  animal  showed  no  disturbance  in  temperature  and 
exhibited  no  symptoms  whatever  as  a  result  of  the  treatment;  during  the 
first  eleven  days  of  the  treatment  he  gained  2^  pounds. 

Hog  No.  248,  weight  46%  pounds,  on  February  26,  1907,  received 
intraperitoneally  10  cc.  and  subcutaneously  10  cc.  of  24-hour  horse  serum. 
Seven  days  afterward  he  received  intravenously  10  cc.  more  of  the  same 
material.  During  the  eleven  days  of  treatment  the  animal  gained  7% 
pounds  in  weight.    He  showed  no  untoward  symptoms  as  a  result  of  the 
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inoculationsy  although  later  the  animal  died  of  acute  hog  chdera  after 
natural  exposure. 

The  temperature  charts  of  hogs  Nos.  245,  247  and  248  ap- 
pear in  tables  22,  24  and  25. 

The  statement  should  be  made  that  these  experiments  are 
not  conclusive  proof  that  2-hour  horse  serum  injected  sub- 
cutaneously  in  small  quantities  and  4-hour  horse  serum  injected 
intravenously  always  produce  the  disease  in  the  healthy  bog, 
and  that  5-  to  7-hour  horse  serum  subcutaneously  and  24-hour 
horse  serum  intravenously  injected  never  cause  infection.  The 
great  variation  among  individual  animals,  and  the  peculiar 
idiosyncrasies  of  swine  particularly,  preclude  such  a  definite 
assertion. 

5.   Protective  properties  of  experimental  horseserum  hog- 
cholera  vaccine. 

The  production  of  a  satisfactory  hofi^cholera  vaccine  con- 
stitutes the  practical  problem  which  is  included  in  this  investi- 
gation. The  attempt  is  being  made  to  produce  such  a  vaccine 
by  passing  the  hog-cholera  virus  through  the  horse.  A  vaccine 
prepared  according  to  such  a  method,  providing  it  were  effi- 
cient, would  prove  to  be  highly  practical  because  of  its  com- 
parative inexpense.  A  rough  estimate  of  the  actual  cost  of 
horse-serum  vaccine  will  readily  show  that  it  can  be  prepared 
at  a  nominal  expense.  A  very  liberal  estimation  would  place 
its  cost  at  from  one-third  to  one-half  of  that  involved  in  the 
manufacture  of  the  vaccine  used  in  the  simultaneous  method. 

The  results  so  far  obtained  are  strictly  those  from  laboratory 
and  experimental  work  and  are  not  sufficiently  confirmed  to 
warrant  the  assumption  that  they  are  definitely  conclusive. 
The  experiments  must  be  verified  by  repeated  observations  of 
the  same  under  various  conditions  before  definite  deductions 
can  be  drawn. 

The  results  of  the  following  series  of  experiments  tend  to 
demonstrate  that  under  certain  conditions  healthy  hogs  can  be 
successfully  vaccinated  by  the  use  of  the  method. 

On  January  18,  1907,  hogs  Nos.  235,  236  and  237  were 
treated  as  follows : 

Hog  No.  285  was  injected  with  10  cc.  intravenously  and  10  cc.  sub- 
cutaneously of  24-hour  donkey  serum;  hog  No.  236,  24-hour  donkey  serum, 
10  cc.  intravenously,  and  48-hour  donkey  serum,  10  cc.  subcutaneously; 
hog  No.  237,  48-hour  donkey  serum,  10  cc.  subcutaneously,  and  72-hour 
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donkey  serum,  10  cc.  subcutaneously.  In  none  of  these  hogs  was  any 
apparent  reaction  noted  as  a  result  of  the  vaccination. 

On  January  28,  ten  days  after  vaccination,  hogs  Nos.  235,  236  and  287, 
together  with  hog  No.  238,  an  untreated  control  animal,  were  exposed  to 
the  disease  by  being  placed  in  an  infected  pen  and  by  being  fed  viscera 
from  hog  No.  234.  Hog  No.  284  was  chloroformed,  bled  and  posted  on 
January  22,  having  had  an  acute  case  of  the  disease  of  twelve  days' 
duraticm. 

Of  this  series  of  four  hogs,  the  control  animal.  No.  288,  after  five  days' 
incubation  period,  exhibited  severe  symptoms  of  the  disease.  On  the 
fifth  day  the  temperature  rose  to  107.  (See  table  12.)  The  animal  re- 
fused to  eat  and  became  constipated  and  emaciated.  On  the  eighth  day 
after  exposure  this  hog,  being  moribund,  was  chloroformed,  bled  and 
posted.  The  head,  ears  and  voitral  portion  of  the  body  showed  a  diffuse 
pink  color.  Autopsy  showed  blood  extravasations  in  the  subcutaneous 
and  muscular  tissues,  lymphatic  glands  enlarged  and  hemorrhagic,  kid- 
neys ecchymotic  and  petechied.  Several  small  ulcers  were  present  in  the 
csBCum  and  colon.  Vaccinated  hog  No.  285,  which  belonged  to  the  same 
litter  with  hog  No.  288,  on  the  fifth  day  after  exposure  showed  a  rise  of 
temperature  to  106  degrees.  (See  table  9.)  This  animal,  however,  did 
not  suffer  loss  of  appetite  or  show  any  symptoms  of  disease,  other  than 
a  thermal  reaction.  After  four  days  the  temperature  became  normal. 
Twenty-two  days  after  vaccination  tiie  animal  was  temporarily  released. 

Hog  No.  286  showed  no  temperature  reaction  after  exposure,  and  re- 
mained throughout  in  a  normal  condition.  (See  table  10.)  Twenty-two 
days  after  exposure  the  animal  was  temporarily  released. 

Hog  No.  287,  which  received  the  48-  and  72-hour  donkey  serum,  on  the 
eighth  day  after  exposure  showed  a  temperature  of  105.2  degrees.  (See 
table  11.)  On  the  twelfth  day  after  exposure  symptoms  of  the  disease 
appeared.  On  the  twenty-first  day  after  date  of  exposure  this  animal 
was  found  dead.  Autopsy  showed  lesions  of  hog  cholera  less  severe  in 
type  than  those  found  in  hog  No.  238.  The  results  of  the  above  experi- 
ment appear  in  tabulated  form  in  table  13. 
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TABLE  13. 

EXPBRIMBNTAL  VACCINATION. 


HOff 

No. 


236 
287 


Character  of  vaccine 
injected. 


j  24-hr.  donkey  serum 
i  24-hr.  donkey  serum 
\  24-hr.  donkey  serum 
)  4&-hr.  donkey  serum 
S  48-hr.  donkey  serum 
( 72-hr.  donkey  serum 


Method 

of 
vaccina- 
tion. 


10  cc  Iv.* 
10  cc.  Sc.» 
10  cc.  Iv. 
10  cc.  Sc. 
10  cc.  Sc. 
10  cc.  Sc 


Date  of 
vaccination. 


Jan.  18. 1907  I 
Jan.  18. 1907  ) 
Jan.  18. 1907  ( 
Jan.  18.1907  ^ 
Jan.  18. 1907  i 
Jan.  18. 1907  \ 


Control Moribund;  bled  and  posted 

10  days  after  exposure. 


Period 
of  time 
between 
vaccina- 
tion and 
expo- 
sure. 


10  days 
10  days 
10  days 


Result  of  exposure. 


Did  not  take  disease. 

Did  not  take  disease. 

Found  dead  from  hoff  chol- 
era 21  days  after  exposure. 


•  Iv.  slntiavenously;  Sc.  =Subcutaneously. 

These  hoffs  were  exposed  January  28. 1907.  by  beinir  fed  viscera  of  cholera  hos  No.  284. 

From  this  series,  the  suggestion  follows  that  hogs  Nos.  235 
and  236,  which  received  the  24-hour  donkey-serum  vaccine, 
were  protected  against  the  disease  by  the  vaccination.  Addi- 
tional proof  of  this  is  found  in  the  fact  that  hog  No.  235  showed 
some  result  of  exposure  coincident  with  the  incubation  period 
exhibited  in  hog  No.  238.  Hog  No.  235  was  therefore  in  all 
probability  protected,  not  by  natural,  but  by  acquired,  immu- 
nity. The  successful  vaccination  of  hog  No.  236,  which  re- 
ceived the  same  treatment  as  hog  No.  235,  furnishes  additional 
proof  of  the  positive  result.  The  value  of  the  experiment  is 
also  logically  strengthened  by  the  presence  of  a  less  severe  type 
of  the  disease  in  hog  No.  237,  which  received  subcutaneously 
48-hour  donkey-serum  vaccine,  as  compared  with  that  which 
appeared  in  the  control,  hog  No.  238. 

The  results  following  the  treatment  of  another  series  of 
eight  hogs  with  horse-serum  vaccine  are  shown  in  table  14 . 

Attention  should  be  called  to  the  fact  that  hogs  Nos.  241 
and  242  both  died  before  or  at  the  time  of  exposure.  In  hog 
No.  241,  which  died  before  exposure,  no  lesions  could  be  found. 
Some  symptoms  of  rheumatism  were  noted,  however,  while  the 
animal  was  under  treatment.  Hog  No.  242  was  found  dead  the 
next  morning  after  eating  the  infected  viscera.  On  autopsy 
no  lesions  were  found,  except  a  pronounced  congested  condi- 
tion of  the  mucous  membrane  of  the  alimentary  tract.  Some 
of  the  viscera  which  were  fed  had  been  kept  in  the  ice-chest 
for  several  weeks  and  it  might  appear  that  hog  No.  242  died 
from  ptomain  poisoning. 
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With  the  exception  of  hogs  Nos.  241  and  242,  both  of  which 
apparently  died  from  other  causes  than  hog  cholera,  all  of  the 
vaccinated  hogs,  except  hog  No.  248,  withstood  infection.  This 
hog  was  evidently  not  protected  by  the  vaccination.  In  this 
connection  it  should  be  noted  that  hog  No.  244,  while  exhibiting 
a  marked  degree  of  immunization,  did  not  gain  in  weight  dur- 
ing and  after  exposure,  as  did  most  of  the  others.  Hogs  Nos. 
243  and  246,  the  two  control  animals,  both  contracted  the 
disease  and  were  moribund  at  the  end  of  fourteen  and  ten  days, 
respectively,  after  exposure.  In  this  experiment  practically 
83%  per  cent,  of  the  vaccinated  hogs  withstood  infection.  The 
weight  and  general  condition  of  each  of  the  animals  in  the 
above  experiment  at  various  times  is  given  in  table  15 : 


TABLE  16. 


Hoff 
No. 

Vaccination  treat- 
ment—No. of 
injections. 

Weiffht 

March  1. 

lbs. 

76Vi 

26Mr 

88 

46 

27Vi 

29 

60 

Weight 

March?. 

Urn. 

Weiffht  and  general  condition  April  15. 

2S9 

8 

87 

sm 

50 

54 

84^ 

88H 

68 

90  lbs.    In  i^ood  condition. 

?40 

8 

Weiarht  not  recorded.    In  good  condition. 
Dead  (not  cholera). 

241 

2 

242 

2 

Dead  'not  cholera'. 

248 
244 

Control 

2 

Dead  (cholera).  March  80. 

88  lbs.    E!atinff  well,  but  not  saininsr  in  weiirht. 

245 

2 

90  lbs.    In  fine  condition. 

246 

Control 

Dead  (cholera).  March  26. 

247 

2 

61 

46H 

60H 
58 

AVeiflrht  not  recorded.    In  flrood  condition 

248 

2 

Dead  (cholera) 

The  temperatures  of  the  above  hogs  during  protective  inocu- 
lations and  subsequent  exposure  are  shown  in  tables  16  to  25 : 
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Experience  tends  to  show  that  24-hour  horse-serum  vaccine 
is  not  constant  as  to  its  protective  power  when  injected  sub- 
cutaneously  in  small  quantities.  The  following  experiment^  in- 
dicated in  table  26,  shows  the  results  obtained  from  the  sub- 
cutaneous vaccination  of  a  series  of  seven  healthy  hogs  with 
small  doses  of  24-hour  horse-serum  vaccine : 

TABLE  26. 

EXPEBIMBNTAL  VACCINATION. 


Hoff 
No. 

Dftteand 
material  used. 
ftTBt  injection. 

Date  and 

material  used. 

second  injection. 

Time 
between 
last  in. 
jection 
and  ex- 
posure. 

Result  of  exposure. 

18 

2 

Aoff.  19. 1908. 
24.hr.  hone  8. 
8cc.  Sc 

Aoff.  26. 1906. 
24-hr.  horse  8. 
6oe.Sc 

ledasrs 

Did  not  take  the  disease. 

15 

Aoff.  21. 1908. 
24.hr.  horse  C 
4ccSc. 

20  days 

16 

Aaff.29.1908. 
24.hr.  horse  8. 
SccSc 

12da7S 

Found  dead  from  cholera.  Sep. 
tember28.1906. 

17 

Aaff.  24. 1906. 
24.hr.  horse  8. 
8ce.Sc 

18  days 

Moribund  September  27. 
Chloroformed,  bled,  and  posted. 

18 

Aaff.  291 1908. 
24.hr.  horse  8. 
8ccSc. 

12  days 

Morbid  September  27. 
Chloroformed,  bled,  and  posted. 

19 

Sept.  2. 1908. 
8D-hr.  horse  4. 
4ccSc. 

8  days 

Did  not  take  the  disease. 

20 

Control. 

Found  dead  from  cholera.  Sep- 
tember26.1906. 

21 

1 

Sept.  2. 1906. 
80-hr.  horse  8. 
8ce.Se. 

8days 

Did  not  take  the  disease. 

24 

ControL 

Found  dead  from  cholera,  Octo- 
ber 5. 1906. 

With  the  exception  of  hoff  No.  18,  which  was  exposed  September  11. 1908.  all  these  animals  were 
exposed  September  10, 1906.  by  beinff  injected  subcutaneously  with  8  cc  each  of  mixed  hoff-cholera 
senun  from  hoflrs  Nos.  6^  9. 10  and  11. 

In  the  above  experiment  421^  per  cent*  of  the  vaccinated  hogs 
were  saved.  All  of  the  vaccinated  hogs  manifested  a  strong 
thermal  reaction  five  to  seven  days  after  the  exposure,  which 
consisted  of  the  subcutaneous  injection  of  virulent  hog-cholera 
serum.  Hogs  Nos.  13, 19  and  21,  however,  all  of  which  showed 
a  temperature  reaction  of  from  106  degrees  to  108  degrees,  re- 
mained bright  and  active  and  soon  regained  their  normal  con- 
dition. In  plate  9  is  shown  a  photograph  of  these  three  hogs, 
-8 
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together  with  the  dead  control,  hog  No.  24,  which  died  on 
October  5.  Hogs  Nos.  13,  19  and  21  are  at  present  in  good, 
healthy  condition.  Both  control  animals,  hogs  Nos.  20  and  24, 
upon  post-mortem  showed  typical  lesions  of  acute  hog  cholera. 
See  half-tone  showing  autopsy  of  hog  No.  24,  plate  10. 

In  connection  with  the  above  experiment,  attention  should 
be  called  to  the  following  facts:  (1)  A  relatively  small  quan- 
tity of  horse-serum  vaccine  was  used  in  each  vaccination;  (2) 
the  experimental  animals  were  young  pigs,  weighing  approxi- 
mately thirty  pounds  each,  which  are  much  more  difficult  to 
immunize  than  are  larger  hogs;  (3)  the  exposure  was  rigid, 
each  animal  receiving  a  hypodermic  injection  of  highly  virulent 
serum. 
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Animal      Hc€  Uo.e^  (p(wrj90L^ 

Table  3S 
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A  glance  at  the  above  temperature  charts  of  the  hogs  de- 
scribed in  the  above  experiment  will  show  that  an  apparent 
temperature  reaction  followed  the  vaccination  in  most  cases. 
It  will  be  noticed  that  hog  No.  21  manifested  no  evident  rise  in 
temperature.  Hogs  Nos.  13,  15,  16,  17,  18  and  19  all  showed 
distinct  temperature  reactions  five  to  seven  days  after  vaccina- 
tion. 

A  general  survey  of  the  whole  work  with  24-hour  horse- 
serum  vaccine  indicates  that  it  is  not  entirely  constant  and 
uniform  in  its  protective  action.  The  following  preliminary 
experiment  (referred  to  under  "Intravenous  versus  Subcuta- 
neous Inoculation  with  Horse-serum  Virus")  suggests  the  pos- 
sibility that  when  the  hog-cholera  virus  is  subjected  to  a 
shorter  residence  in  the  horse  than  twenty-four  hours  it  may 
show  constant  protective  properties : 

On  September  2,  1908,  pig  No.  22,  weight  about  30  pounds,  was  in- 
jected gubcutaneously  with  4  cc.  of  horse  No.  4,  4-hour  serum.  On  Sep- 
tember 4,  1908,' pig  No.  23,  in  the  same  litter,  with  pig  No.  22,  received 
subcutaneously  4  cc.  of  horse  No.  3,  4-hour  serum.  Neither  of  these 
animals  showed  any  apparent  disturbances  after  inoculation.  On  Sep- 
tember 15,  hogs  Nos.  22  and  23,  together  with  control  hog  No.  26,  were 
injected  intravenously,  each  with  5  cc.  of  4-hour  horse  serum.  Hog  No. 
26,  the  control,  received  horse  No.  3,  4-hour  serum.  Neither  of  the  pifipi 
which  received  the  previous  subcutaneous  injection  manifested  any  de- 
viations from  normal  conditions  as  a  result  of  the  intravenous  injection. 
Hog  No.  26,  the  control,  however,  after  five  days  contracted  a  severe  case 
of  the  disease  and  became  moribund  on  September  27,  twelve  days  after 
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inoculation.  (See  temperature  chart,  table  36.)  Lesions  in  the  heart 
and  lungs  and  kidneys  found  in  the  post-mortem  of  this  animal  appear  in 
plates  11  and  12. 

Hogs  Nos.  22  and  23  on  September  26  were  placed  in  an  infected  pen 
with  sick  hogs,  Nos.  26  and  8.  They  were  fed  fresh  viscera  of  hogs  Nos. 
17  and  18,  which  had  died  from  cholera.  Both  animals  showed  a  rise  in 
temperature  of  from  two  to  three  degrees  five  days  after  eating  the  in- 
fected viscera.  (See  temperature  charts,  tables  34  and  35.)  No  other 
indications  of  a  disturbance  followed.  These  two  animals  are  at  present 
under  constant  exposure  in  an  infected  pen  and  appear  heathy  in  every 
way.  The  photograph  below  (plate  13)  shows  hogs  Nos.  22  and  23,  on 
October  5,  together  with  dead  control  hog  No.  26,  and  chronic  case,  hog 
No.  8,  with  which  they  had  been  confined. 

Animal      //^s         No.  S3 

Tablc  36 
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Animal      No4         No.  23 
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It  appears  logical  to  continue  the  experiments  with  horse- 
serum  hog-cholera  vaccine  for  the  purpose  of  determining 
whether  some  period  of  residence  in  the  horse  less  than  twenty- 
four  hours  will  not  sufficiently  attenuate  the  hog-cholera  virus 
so  that  it  will  exhibit  protective  properties  with  more  reason- 
able uniformity  than  does  the  24-hour  serum  vaccine.  The 
results  of  these  preliminary  experiments  suggest  that  under 
some  conditions  4-hour  horse  serum  is  pathogenic  to  the  hog, 
while  a  residence  of  twenty-four  hours  in  the  horse  tends  to 
modify  these  pathogenic  properties  of  the  virus  to  such  an  ex- 
tent that  it  does  not  produce  the  disease  in  a  healthy  hog.  The 
foregoing  experiments  show  that  2-hour  horse  serum  produces 
the  disease  when  injected  in  small  quantities  subcutaneously; 
and  that  4-hour  horse  serum  does  not  cause  infection  when 
injected  in  small  quantities  subcutaneously,  but  does  produce 
acute  hog  cholera  when  injected  intravenously  in  reasonable 
doses.  It  has  also  been  shown  that  5-hour  and  7-hour  horse 
serum  does  not  produce  infection  when  injected  subcutane- 
ously. Moreover,  the  subcutaneous  inoculation  of  4-hour  horse 
serum  uniformly  produces  immunity,  according  to  preliminary 
experimentation.  The  24-hour  horse  serum  has  been  shown 
quite  definitely  to  be  non-virulent  in  character  and  attenuated 
to  such  a  degree  that  its  vaccinating  properties  are  not  con- 
stant. If  such  conditions  are  true  the  practical  question  to  be 
solved  is,  After  what  period  of  residence  in  the  circulatory 
system  of  the  horse  does  the  hog-cholera  virus  become  most 
dficient  as  a  vaccine  without  producing  infection?  The  prob- 
lem resolves  itself  into  the  correct  standardization  of  the  horse- 
serum  vaccine. 
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In  connection  with  this  work  a  limited  amount  of  field-work 
is  at  present  in  progress  in  various  parts  of  the  state  of  Kan- 
sas. Extensive  experimentation  must  be  conducted  and  con- 
siderable time  must  necessarily  be  employed  to  definitely  prove 
the  reliability  of  the  method  of  vaccination. 

VII. 

DURATION  OF  IMMUNITY. 

Experimental  evidences  warrant  the  statement  that  a  hog 
once  immunized  to  the  disease  of  hog  cholera  will  retain  the 
protection  for  a  period  of  several  months.  Thus  the  success- 
fully vaccinated  or  immunized  hog  may  be  kept  with  no  risk  of 
infection  for  a  period  long  enough  to  fatten  and  prepare  the 
animal  for  market.  The  following  data  relative  to  this  point 
are  given  as  experimental  evidence : 

Hog  No.  1,  grade  English  Yorkshire,  female,  weight  about  60  pounds, 
received  the  following  treatments:  January  12,  1908,  injected  Sc  8  cc 
bay  mare  48-hr.  serum,  which  was  drawn  June  29,  1907;  January  31, 
1907,  injected  Sc.  5  cc.  crippled  mare  24-hr.  serum,  drawn  March  25,  1907; 
February  17,  1908,  injected  Sc.  5  cc.  gray  horse  24-hr.  serum,  drawn 
April  4,  1907;  February  29,  1908,  injected  Sc.  2  cc.  hog-cholera  serum, 
hog  No.  259,  drawn  May  16,  1907;  March  30,  1908,  injected  Sc-  6  cc. 
hog-cholera  serum,  hog  No.  264,  drawn  May  30,  1907;  April  10,  1908,  fed 
Tiscera  and  blood  from  dead  hogs,  Riley  strain;  July  25,  1908,  placed  in 
infected  pen  with  hogs  Nos.  9  and  10;  August  19,  1908,  injected  Sc.  with 
5  cc.  horse  No.  3  4-hour  serum;  September  28,  1908,  fed  viscera  and 
placed  with  hogs  sick  and  dying  from  hog  cholera. 

Hog  No.  2,  grade  Duroc-Jersey,  boar,  weight  about  80  pounds,  re- 
ceived the  following  treatments :  January  12,  1908,  injected  Sc.  with  8  cc. 
bay  mare  6-hour  serum,  drawn  April  14,  1907;  May  13,  1907,  hog  No. 
264  received  Sc.  10  cc.  of  bay  mare  6-hour  serum,  and  under  conditions 
of  isolation  eight  days  after  developed  acute  hog  cholera.  Hog  No. 
264  died  on  the  seventeenth  day  after  inoculation.  Hog  No.  2  showed 
rise  of  temperature  (see  table  39)  and  loss  of  appetite  five  days  after 
inoculation,  but  after  eleven  days  again  appeared  normal.  On  January 
81  and  February  17,  hog  No.  2  received  injections  Sc.  with  the  same 
material  with  no  apparent  effects.  February  29,  hog  No.  2  received  Sc. 
0.2  gm.  dried  hog-cholera  serum  from  hog  No.  264,  drawn  May  80,  1907; 
March  31,  hog  No.  2  received  Sc.  6  cc.  hog-cholera  liquid  serum  from  hog 
No.  264.  This  animal  received  the  same  exposures  as  hog  No.  1,  de- 
■cribed  above. 

Hogs  Nos.  3  and  4,  grade  Yorkshire,  weight  about  40  pounds  each: 
On  February  29,  hog  No.  3  received  Sc.  0.2  gm.  dried  hog-cholera  serum 
from  hog  No.  259,  drawn  May  16,  1907.  Evidences  of  cholera  followed 
the  inoculation.    On  the  same  date  hog  No.  4  received  Sc.  2  cc  of  hog- 
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cholera  serum  from  hog  No.  264,  drawn  May  30,  1907.  After  six  days 
evident  thermal  disturbances  followed.  The  temperature  again  became 
normal  twelve  days  after  inoculation.  Hogs  Nos.  8  and  4  each  received 
the  same  exposures,  as  follows:  March  30,  1908,  injected  Sc.  with  6  cc. 
of  hog-cholera  serum  from  hog  No.  264,  drawn  May  30,  1907;  April  10, 
fed  viscera  from  hogs  dead  from  cholera;  May  1,  fed  hog-cholera  blood 
and  viscera  from  Riley  outbreak;  July  4,  1908,  fed  viscera  and  blood  of 
hog-cholera  hogs,  Riley  outbreak;  July  25,  placed  in  infected  poi  with 
sick  hogs  Nos.  9  and  10;  August  18,  injected  Sc.  with  5  cc.  horse  No.  3, 
4-hour  serum;  September  28,  fed  hog-cholera  viscera  and  placed  in  in- 
fected pen  with  hogs  sick  and  dying  from  hog  cholera. 

Hog  No.  7,  white  sow,  weight  on  May  25  about  60  pounds:  July  1, 
1908,  injected  Iv.  with  6  cc.  hog-cholera  serum,  Riley  outbreak.  No  im- 
mediate results  appeared  from  inoculation.  After  several  days,  the 
animal  gave  evidence  of  a  light  chronic  case  of  cholera,  coughed  some 
and  showed  some  loss  of  flesh.  July  6  this  hog  was  again  in  normal 
condition.  July  4,  fed  hog-cholera  viscera  and  blood,  Riley  outbreak; 
July  25,  placed  in  infected  pen  with  sick  hogs  Nos.  9  and  10;  August  18, 
injected  Sc.  with  5  cc.  horse  No.  3  4-hour  serum;  September  28,  fed  hog- 
cholera  viscera,  Norwood  outbreak,  and  placed  in  infected  pens  with  hogs 
sick  and  dying  from  the  disease. 

All  of  the  hogs  described  above  were  immunized  against  the 
disease  and  are  in  excellent  condition  at  the  present  time.  (See 
half-tone,  plate  14.) 

The  methods  used  in  immunizing  these  hogs  are  unimpor- 
tant in  this  connection.  These  animals,  however,  were  im- 
munized by  the  injection  of  hog-cholera  virus,  once  highly  viru- 
lent, but  attenuated  by  age  at  the  time  of  inoculation,  and  by 
exposure  to  the  Riley  strain  of  hog  cholera,  which  was  very 
chronic  in  character.  The  probable  approximate  date  of  ac- 
quiring immunity  in  each  of  these  animals  may  be  placed  as 
follows : 

Hog  No.  1,  during  February,  1908. 

Hog  No.  2,  during  January,  1908. 

Hog  No.  3,  during  March,  1908. 

Hog  No.  4,  during  March,  1908. 

Hog  No.  7,  during  June,  1908. 

These  hogs  have  for  the  last  three  months  been  under  con- 
ditions of  intermittent  exposure  to  hog  cholera  and  are  at  pres- 
ent confined  in  pens  infected  with  the  acute  type  of  the  disease. 
In  each  case  the  duration  of  immunity  has  extended  over  the 
following  periods : 

Hog  No.  1,  approximate  duration  of  immunity,  seven  months. 

Hog  No.  2,  approximate  duration  of  immunity,  eight  months. 
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Hog  No.  3,  approximate  duration  of  immunity,  six  months. 
Hog  No.  4,  approximate  duration  of  immunity,  six  months. 
Hog  No.  7,  approximate  duration  of  immunity,  three  months. 

vin. 

THE  KEEPING  QUALITIES  OP  HOG-CHOLERA  VIRUS. 

A  limited  amount  of  data  has  been  obtained  relative  to  the 
duration  of  virulence  of  hog-cholera  serum.  The  observations 
which  were  made  are  as  follows : 

(a)  Liquid  Hog-cholera  Serum. 

On  January  12,  1908,  hog  No.  2  was  injected  Sc.  with  8  cc.  of  bay 
mare  6-hour  serum.  This  6-hour  serum  was  drawn  in  April,  1907;  on 
May  13,  1907,  10  cc.  of  this  was  injected  subcutaneously  into  hog  No.  264. 
Hog  No.  264,  after  an  incubation  period  of  eight  days,  developed  acute 
hog  cholera  and  was  moribund  seventeen  days  after  inoculation.  Hog 
No.  2,  which  received  8  cc.  of  this  virus,  showed  some  disturbance  in 
temperature  and  appetite  five  days  after  inoculation.  These  symptoms 
soon  disappeared,  however,  showing  the  attenuated  condition  of  the  ma- 
terial. (See  table  39.)  Subsequent  injections  and  exposures  suggested 
that  the  attenuated  virus  served  to  immunize  the  animal  against  disease. 

Hog  No.  4,  small  white  pig,  weight  about  40  pounds,  on  Februbary  29 
received  Sc.  2  cc.  of  virus  from  hog  No.  259.  Hog  No.  259  had  a  severe 
-case  of  the  disease  and  was  bled  on  May  16,  1907.  Some  reaction  followed 
the  injection  of  hog  No.  3,  but  infection  did  not  follow. 

Ammal      ^m         Me. « 
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(b)  Dried  Hog-cholera  Serum. 
Hog  No.  2,  on  February  29,  received  0.2  gm.  of  dried  hog-cholera 
«erum  from  hog  No.  259,  drawn  May  16,  1907.    This  dried  material  was 
^ound  to  be  virulent  by  the  inoculation  of  a  healthy  hog.    This  was  dried 


Digitized  by  VjOOQIC 


Nov.  1908.]    Hog  Cholera  and  Preventive  Treatment.  77 

by  exposure  to  a  temperature  of  37°  C.  No  results  followed  this  injection. 
The  experiment  is  not  conclusive,  because  of  the  fact  that  hog  No.  2  had 
received  previous  inoculations  of  bay  mare  6-hour  serum,  which  had 
probably  conferred  immunity. 

Hog  No.  3,  a  small  white  pig,  weighing  about  35  pounds,  on  February 
29  received  0.2  gm.  of  dried  hog-cholera  virus  from  hog  No.  259,  drawn 
May  16,  1907.  No  apparent  reaction  or  evidences  of  infection  followed 
this  injection. 

Prom  the  above  experiments  we  find  the  following  results : 

(a)  Liquid  Serum. — Hog  No.  2  was  not  infected  by  inocula- 
tion on  ^  July  12,  1908,  with  material  which  was  obtained  in 
April,  1907,  and  which  produced  the  disease  in  a  healthy  pig 
in  May,  1907 ;  the  virus  had  therefore  lost  its  virulency  after  a 
period  of  nine  months. 

Hog  No.  4  showed  only  a  slight  reaction  when  inoculated  on 
February  29,  1908,  with  hog-cholera  serum  obtained  from  a 
severe  case  on  May  16,  1907.  Again  after  a  period  of  nine 
months  this  virus  had  become  attenuated. 

(6)  Dried  Serum. — Hog  No.  3  gave  no  evidence  of  disease 
after  injection  on  February  29,  1908,  with  hog-cholera  serum 
which  was  obtained  on  May  16,  1907,  in  a  highly  virulent  con- 
dition, and  was  dried  at  a  temperature  of  37*'  C. 

From  the  above  limited  amount  of  data  (experiment  with 
hog  No.  3)  the  suggestion  follows  that  neither  hog-cholera 
virus  nor  a  serum  vaccine  could  be  protected  from  deteriora- 
tion by  preserving  it  in  a  dry  condition. 
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IX. 
KEEPING  QUALITIES  OF  HORSE-SERUM  VACCINE. 

The  assumption  could  reasonably  be  made  that  horse-serum 
vaccine  would  probably  retain  its  protective  properties  as  long 
as  does  the  virulent  hog-cholera  serum.  The  following  re- 
corded results,  in  so  far  as  they  extend,  give  some  information 
on  this  point : 

TABLE  87. 

KEBPINO  QUALrnSS  OP  HORSB-SBEUM  VACCINB. 


Hoff 

No. 

Dftteof 
vaccination. 

Character 

of 

vaccine  used. 

Result  of 
vaccination. 

Date  vaccine 

was 

obtained. 

Age  of  vaccine. 

19 

Sep.      2.1906 

80-hr. 
horse  serum. 

Successful. 

Auff.  20. 1906 

One  week  and  six  dasrs. 

21 

Sep.      2.  1908 

24-hr. 
horse  serum. 

Successful. 

Auff.  24.  1908 

One  week  and  two  days. 

22 

Sep.      2.  1906 

24-hr. 
horse  serum. 

Successful 

Aug.  19.  1906 

Two  weeks. 

18 

Aug.  19.1908 

24-hr. 
horse  serum. 

Successful. 

JuL     18. 1908 
Jul.     17.  1908 

Four  weeks  and  four  days. 

23 

Sep.      2. 1908 

4-hr. 
horse  serum. 

Successful. 

Six  weeks  and  four  days. 

The  horse  serum  vaccines  used  in  the  inoculations  indicated 
in  table  37  were  kept  in  a  refrig;erator,  temperature  approxi- 
mately 12°  C. 

SUMMARY. 

From  the  results  which  have  thus  far  been  obtained  in  the 
present  work  and  from  those  of  other  investigators  which 
have  been  reviewed  in  the  preceding  pages,  the  following  con- 
clusions seem  warranted : 

1.  BacilliLs  cholera  suis  is  not  the  etiological  factor  in  all 
forms  of  hog  cholera. 

2.  Bacilhis  cholera  suis  is  possibly  a  variety  of  the  common 
intestinal  parasitic  organism,  Bacillus  colt  communis. 

3.  The  specific  cause  of  the  "filterable  virus  form"  of  hog 
cholera  appears  to  be  some  living  organism,  possibly  ultra- 
microscopic,  possibly  capable  of  passing  through  a  fine  porce- 
lain filter  in  some  disintegrated  state. 

4.  The  filterable  virus  of  hog  cholera  cannot  be  artificially 
cultivated  in  normal  hog-serum  broth  in  the  abdominal  cavity 
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of  the  rabbit  in  the  collodium  sac,  according  to  the  method  used 
by  Nocard  and  Roux  in  artificially  cultivating  the  organism 
which  they  associate  with  contagious  pleuropneumonia  in  cat- 
tle. 

6.  The  simultaneous  method  of  vaccination  is  efficient  but 
is  not  practical  because  of  its  expense  and  the  possible  danger 
attending  its  use. 

6.  The  ordinary  laboratory  and  domesticated  animals  are 
not  susceptible  to  the  filterable  virus  of  hog  cholera. 

7.  Virulent  hog-cholera  serum  exerts  a  toxic  influence  upon 
a  healthy  horse  when  injected  intravenously. 

8.  Normal  hog-cholera  serum  or  virulent  hog  cholera  serum 
does  not  appear  to  produce  an  anaphylactic  reaction  when  in- 
jected intravenously  into  the  horse. 

9.  The  2-hour  horse  serum  (drawn  from  the  horse  two 
hours  after  the  animal  has  received,  intravenously,  approxi- 
mately 150  cc.  of  hog-cholera  virus)  when  injected  subcuta- 
neously  into  the  healthy  hog  in  small  quantities  produces  an 
acute  form  of  the  disease. 

10.  The  4-hour  horse  serum  (blood  serum  from  a  horse 
drawn  four  hours  after  the  animal  has  received  intravenously 
approximately  150  cc.  of  virulent  hog-cholera  serum)  when 
injected  into  healthy  hogs  intravenously  produces  acute  hog 
cholera. 

11.  The  4-hour  horse  serum,  under  certain  conditions  at 
least,  when  injected  subcutaneously  in  small  doses  into  healthy 
swine  does  not  produce  infection. 

12.  The  5-  to  7-hour  horse  serum  when  injected  subcutane- 
ously into  the  healthy  hog  does  not  produce  the  disease. 

13.  The  24-hour  horse  serum  (drawn  twenty-four  hours 
after  the  animal  has  received  intravenously  approximately  150 
cc  of  hog-cholera  serum),  in  comparison  with  4-hour  horse 
serum,  shows  attenuated  properties. 

14.  The  24-hour  horse-serum  vaccine  injected  subcutane- 
ously and  intravenously,  and  4-hour  horse-serum  vaccine  when 
injected  in  small  quantities  subcutaneously,  act  as  preventives 
against  hog  cholera.  The  24-hour  horse  serum,  however,  is 
not  constant  in  respect  to  its  protective  properties. 

15.  Acquired  immunity  against  hog  cholera  extends  over  a 
period  of  from  three  to  eight  months. 
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16.  A  rough  estimate  shows  that  horse-serum  vaccine  can 
be  prepared  at  a  relatively  low  cost. 

17.  Virulent  hog-cholera  serum  in  the  liquid  form  becomes 
attenuated  after  a  period  of  nine  months  when  kept  at  a  tem- 
perature of  approximately  10**  C.  to  15**  C. 

18.  Virulent  hog-cholera  serum  dried  under  aseptic  condi- 
tions at  a  temperature  of  37°  C.  becomes  attenuated  after  a 
period  of  eight  months. 

19.  Horse-serum  vaccine  retains  its  protective  properties 
for  at  least  a  period  of  six  weeks  when  kept  at  an  approximate 
temperature  of  10**  C.  to  15'*  C. 


PROPOSED  CONTINUATION  OF  PRESENT  INVESTIGATION. 

At  the  present  time,  active  field-work  with  horse-serum  vac- 
cine in  various  parts  of  the  state  of  Kansas  is  being  under- 
taken. This  work  will  be  continued  until  the  winter  months, 
when  the  reports  from  the  various  field  experiments  will  be 
secured  and  arranged  in  definite  form. 

At  the  Station,  various  experiments  will  be  conducted  with 
horse-serum  vaccines  drawn  at  different  periods  of  time  after 
the  intravenous  injection  of  the  horse  with  the  hog-cholera 
virus.  As  many  series  of  hogs  as  opportunity  will  permit  will 
be  used  under  various  conditions  in  testing  the  above  vaccines. 

Comparative  leucocyte  counts  will  be  made  of  the  blood  of 
the  horse  before  and  after  the  intravenous  injection  of  normal 
and  hog-cholera  serum. 

Data  will  be  obtained  relative  to  the  influence  of  one  or  more 
treatments  of  the  horse  with  hog-cholera  serum.  This  must 
be  determined  in  order  to  be  able  to  standardize  correctly  the 
horse-serum  vaccine. 

Continued  observations  will  also  be  made  upon  duration  of 
acquired  immunity,  possible  immunity  by  inheritance,  and  the 
keeping  qualities  of  hog-cholera  virus  and  horse-serum  vaccine. 


Within  the  next  few  months  it  is  expected  that  this  bulletin 
will  be  followed  by  one  which  will  review  the  present  work  in 
a  more  popular  manner.  The  writer  is  aware  of  the  fact  that 
the  contents  of  this  bulletin  consist  of  facts  which  are  perhaps 
too  technical  to  be  of  more  than  ordinary  interest  to  the  farmer,. 
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but  it  must  be  understood  that  in  any  investigation  a  certain 
amount  of  experimental  and  technical  work  must  be  accom- 
plished before  the  final  successful,  practical  product  is  ob- 
tained. 

In  the  next  bulletin  the  results  of  the  field-work  which  is  be- 
ing conducted  with  the  horse-serum  vaccine  will  also  be  given* 
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Plate  1.    Hog  yards  for  experlmeDtal  hog-cholera  work. 
KaDsas  Experiment  Station. 


-4 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Bull.  157.]  Bacteriology  Department.  84 


Plate  2.    Intravenous  injection  of  horse  with  hog-cholera  virus. 


Plate  3.    Bleeding  the  horse. 
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Platb  4.    Spleen  from  original  hog,  Norwood,  Kan.,  about  twice  the  slse  of  normal 
spleen  of  seventy-flve-pound  pig. 


Plate  5.    Ulcers  In  csecum  of  original  hog,  Norwood,  Kan. 
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Plate  6.    Ulcers  In  csecum  of  hog  No.  9. 


Plate  7.   Ulcers  In  csecum  of  hog  No.  10. 
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PULTB  8.    Hogs  Nos.  9  and  10,  August  1.  1908.     Fifteen  days  after  inoculation. 


Plate  9.    Hogs  Nos.  19.  13  and  21,  and  dead  control.   No.  24. 
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Platb  10.  Autopsy,  hog  No.  24,  showing  enlarged  and  hemorrhagic  mesenteric 
glands,  ulcerated  csBCum,  enlarged  spleen,  hemorrhagic  areas  on  peritoneum, 
subcutaneous  and  muscular  tissues,  blood  extravasations  In  heart  muscle  and 
hepatized  and  hemorrhagic  portions  of  lungs. 
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Pl^tb  11.    Heart  and  lungs,  control  hog  No.  26,  hepatized  and  hemorrhagic  areas  in 
both  lungs,  heart  covered  with  blood  extravasations  and  a  fibrinous  exudate. 


Platv  12.    EUdney,  control  hog  No.  26. 
showing  petechias. 
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Plata  13.    Hogs  Nos.  22  and  23,  with  chronic  case  No.  8  and  dead  hog  No.  24. 


Plate  14.    Immune  hogs  Nos.  1,  2,  3,  4  and  7 — immunity  having  extended  over  a 
period  of  from  three  to  eight  months. 
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THE  FOLLOWING  BULLETINS 

ARE  AVAILABLE  FOR  DISTRIBUTION  TO  THOSE  RESIDENTS 
OF  KANSAS  WHO  MAY  DESIRE  THEM: 

No.    12 Preliminary  Experiments  with  Fungicides  for  Stinking  Smut 

of  Wheat. 

No.    13 Experiments  with  Oats. 

No.    15 Additional  Experiments  and  Observations  on  Oat  Smut. 

No.    16 Experiments  with  Sorghum  and  with  Sugar  Beets. 

No.   43 Experiments  with  Sorghum  and  with  Sugar  Beets. 

No.   52 Kansas  Weeds — Preliminary  Circular  on  Distribution. 

No.  120 Tests  of  Forest  Trees. 

No.  121 Treatment  and  Utilization  of  Flood-damaged  Lands. 

No.  122 Blackleg  and  Vaccination. 

No.  127 The  Roots  of  Plants. 

No.  129 Kansas  Mammals  in  their  Relation  to  Agriculture. 

No.  135 Grading  Cream. 

No.  136 Press  Bulletins  Nos.  125-151. 

No.  137 Variations  in  the  Test  of  Separator  Cream. 

No.  138 Effect  of  Bacteria  in  Wash-water  of  Butter. 

No.  139 The  Study  of  Com. 

No.  140 Milking  Machines. 

No.  141 Commercial  Seeds  of  Brome-grasa  and  of  English  and  Ken- 
tucky Blue-grasses:  Adulterants  and  Substitutes  and  their 
Detection. 

No.  142 The  Value  of  Oil  in  Road  Improvement. 

No.  143 Disposal  of  Dairy  and  Farm  Sewage,  and  Water  Supply. 

No.  144 Small-grain  Crops. 

No.  145 Spraying. 

No.  147 Indian  Com. 

No.  148 Law  Regulating  the  Sale  of  Commercial  Fertilizers. 

No.  149 Prevention  of  Sorghum  and  Kafir-corn  Smut. 

No.  150 The  Hen's  Place  on  the  Farm. 

No.  151. . .  .Alfalfa  Breeding. 

No.  152 The  Pocket  Gopher. 

No.  153 Deterioration  of  Red  Texas  Oats  in  Kansas. 

No.  154 The  Mound-building  Prairie  Ant. 

No.  155....  Alfalfa. 

No.  156 The  Yellow  Berry  Problem  in  Kansas  Hard  Winter  Wheat. 


The  BvUetma  of  the  Experiment  Station  are  sent  free  to 
applicants.  Farmers  are  invited  to  send  the  names  of  others 
who  would  value  them  and  samples  vnU  he  sent,  with  return 
cards  upon  which  applications  for  future  issues  may  he  made. 

Address:  Agricultural  Experiment  Station, 

Manhattan,  Kan. 
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Analyses  of  Registered  Feeding-stuffs.^ 


The  Kansas  law  regulating  the.  sale  of  concentrated  feed- 
ing-stuffs, published  as  chapter  407  of  the  Laws  of  1907,  was 
printed  in  full  in  Bulletin  No.  146.  The  law  went  into  effect 
July  1,  1907.  Many  of  the  manufacturers  concerned  had  not 
heard  of  the  law  and  much  correspondence  for  some  months 
was  necessary  to  acquaint  them  with  its  requirements  and  to 
secure  registration  of  the  feeding-stuffs  sold  by  them.  In 
view  of  the  lack  of  knowledge  concerning  the  law  it  seemed 
fairest  not  to  begin  at  once  a  campaign  of  inspection,  which 
would  have  amounted  to  little  more  than  one  of  information. 
The  chemical  analyses  of  registered  feeds  made  necessary  in 
order  to  enable  manufacturers  to  make  a  safe  guaranty  taxed 
the  force  of  the  department  to  such  a  degree  that  men  could 
not  have  been  spared  well  for  inspection  duties,  hence  inspec- 
tion work  was  postponed  until  the  latter  part  of  the  fall. 

It  developed  early  that  in  some  quarters  there  had  been  a 
misunderstanding  in  respect  to  the  scope  and  application  of 
the  law,  although  such  a  misunderstanding  did  not  exist  with 

*  In  addition  to  those  formally  designated  as  assistants,  several  others 
have  taken  part  in  tiie  analysis  of  feeding-stuffs.  Among  them  are  John 
W.  Calvin,  AdiJi  Lewis,  R.  C.  Thompson  and  H.  C.  McLean. 

(91) 
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members  of  the  legislative  committees  of  the  senate  and  the 
house  and  the  representatives  of  the  milling  interests  present 
at  the  state  capital  when  the  law  was  under  consideration. 
By  these  it  was  well  recognized  that  the  law  was  to  apply  to 
all  ground  feeds,  including  bran,  shorts  and  com  chop.  In- 
deed, much  of  the  complaint  showing  the  need  of  such  a  law 
had  been  with  reference  to  those  very  feeds.  Corn  bran  pro- 
duced in  the  manufacture  of  corn-meal  had  been  freely  mixed 
with  com  chop  or  wheat  bran.  Coarse  screenings  and  other 
refuse  obtained  in  preparing  wheat  for  the  rolls  was  worked 
off  in  the  bran,  and  shorts  often  contained  the  dirt  and  other 
waste  materials  of  a  finer  texture. 

The  opposition  to  the  application  of  the  law  to  these  common 
mill  feeds  developed  sufficient  force,  however,  so  that  when 
the  legislature  was  summoned  in  special  session  a  bill  was  in- 
troduced designed  to  express  the  wishes  of  those  who  desired 
to  exempt  these  feeds  from  its  application.  The  director  and 
the  chemist  of  the  Experiment  Station,  in  conference  with 
Representative  Ham  and  others,  cooperated  in  formulating 
amendments  conceding  the  main  point  at  issue,  but  providing 
that  if  these  feeds  and  others  made  by  grinding  a  single  kind 
of  grain  be  mixed  with  each  other  or  other  substances  they 
shall  come  under  full  action  of  the  law;  and  provision  was  also 
made  for  the  inspection  of  all  feeds  on  the  market  with  refer- 
ence to  their  purity,  and  also  as  to  the  correspondence  of  the 
actual  net  weight  of  packages  with  the  weight  as  represented 
by  the  seller. 

The  original  law  had  sought  to  levy  an  inspection  tax  of 
twenty-five  cents  per  ton  upon  all  concentrated  feeding-stuffs 
in  the  state  of  Kansas.  Being  advised  that  such  a  provision 
was  discriminatory  and  an  interference  with  interstate  com- 
merce, and  hence  in  all  probability  non-enforceable,  the  Sta- 
tion authorities  early  ceased  all  effort  to  collect  that  inspection 
tax.  The  special  session  gave  an  opportunity  to  correct  this 
defect  in  the  law  and  this  was  done.  The  inspection  tax  is, 
however,  not  collectible  on  all  concentrated  feeding-stuffs,  but 
only  on  certain  kinds  named  in  the  law.  A  tax  to  the  extent 
of  twenty-five  cents  per  ton,  to  be  paid  by  the  purchase  of  tags, 
was  provided  for  all  such  feeds  sold  or  held  for  sale  within  the 
state  of  Kansas. 

The  law  specifically  provided  that  condimental  feeds  should 
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conform  to  its  requirements  and  that  condimental  or  medicinal 
stock  foods  should  pay  a  registration  fee  of  fifty  dollars  for 
each  brand  selling  for  more  than  forty  dollars  per  ton.  This 
requirement  naturally  aroused  the  opposition  of  the  manufac- 
turers of  this  class  of  goods  and  they  made  strenuous  efforts 
to  evade  the  law,  and  the  International  Stock  Food  Company 
attempted  by  proceedings  in  the  United  States  circuit  court  to 
secure  a  decision  against  the  constitutionality  of  the  entire  law. 
The  court  decision,  however,  sustained  the  law  in  respect  to 
the  points  at  issue.  The  manufacturers  of  this  class  of  sub- 
stances have  in  some  cases,  by  changing  the  names  of  their 
preparations,  attempted  to  strengthen  their  cases  in  their  op- 
position to  conforming  to  the  law.  The  Experiment  Station 
authorities  therefore  took  advantage  of  the  opportunity  af- 
forded by  the  special  session  to  have  the  law  amended  so  as  to 
include  these  substances  under  the  various  names  by  which 
they  are  designated. 

In  connection  with  this  requirement  for  registration  of  con- 
dimental feeds  it  early  became  necessary  to  formulate  a  dis- 
tinct idea  in  reference  to  them.  The  principle  adopted  was 
that  articles  other  than  ordinary  feeds  would  be  included  in 
this  category  if  they  were  advertised,  sold  or  held  for  sale  for 
the  purpose  of  bringing  about  with  animals  any  of  the  effects 
that  are  recognized  as  due  to  nutrition,  such  as  increased 
growth,  milk-production,  egg-production,  etc.  It  is  true  that 
purely  medicinal  substances  by  the  correction  of  diseased  con- 
ditions may  indirectly  produce  such  results.  The  class  of 
substances  under  consideration  are,  however,  further  dis- 
tinguished from  medicines  in  that  they  are  recommended  for 
administration  to  animals  in  the  ordinary  condition  of  health, 
and  usually  daily  or  at  regular  intervals.  Their  use  as  adver- 
tised and  recommended  is  not  restricted  or  even  adapted  to  the 
cure  of  disease,  and  since  disease  presents  itself  in  so  many 
forms  it  is  obviously  not  in  accordance  with  good  judgment  to 
use  such  preparations  as  medicines. 

We  have  therefore  required  the  registration  fee  to  be  paid 
upon  all  preparations  for  which  the  claims  indicated  are  made, 
and  will  continue  to  require  such  payment  regardless  of  the 
name  under  which  the  preparation  is  offered,  and  will  not  re- 
quire the  payment  of  the  registration  fee  unless  such  claims 
are  made.    The  following  is  given  as  a  definition  of  such  ar- 
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tides  coming  under  the  law:  Condimental  or  medicinal  stock 
foods  and  condimental  feeds  are  held  to  be  articles  containing 
condimental  or  medicinal  substances,  or  both  condimental  and 
medicinal  substances,  the  product,  being  reconunended  and  sold 
for  use  with  ordinary  feeds  of  animals  in  the  usual  condition 
of  health  with  the  object  of  increasing  the  production  of  milk 
or  eggs  or  increasing  the  growth  or  rate  of  fattening  of  ani- 
mals, or  of  otherwise  contributing  to  the  nutrition  of  animals. 

By  registering  these  preparations  under  the  circumstances 
detailed  above,  it  must  be  distinctly  understood  that  we  in  no 
way  concede  the  truth  of  the  claims  made  for  them.  Concern- 
ing their  individual  merits  or  the  general  advisability  of  using 
such  articles  we  do  not  in  this  connection  express  any  opinion. 

As  the  changes  in  the  law  have  vitally  affected  its  scope  it  is 
printed  herewith,  introducing  the  amendments  and  amended 
sections  as  passed  at  the  special  session  of  1908.  It  is  as  fol- 
lows: 

''An  Act  regulating  the  sale  of  concentrated  feeding-staffs,  forbidding 
their  adulteration,  providing  for  their  inspection  and  analysis,  provid- 
ing penalties  for  its  violation,  and  repealing  all  acts  or  parts  of  acts 
in  conflict  with  it. 

**Be  it  enacted  by  the  Legislature  of  the  State  of  Kansas: 

"Section  1.  For  the  purposes  of  this  act  concentrated  feed- 
ing-stuifs  are  declared  to  be  all  materials  sold,  offered  for  sale 
or  hdd  for  sale  within  the  state  of  Kansas  and  design^  for  the 
nutrition  of  animals  of  any  species,  if  such  materials  have 
been  subjected  to  any  mixing  process,  or  subjected  to  any  proc- 
ess whereby  the  composition  of  the  original  material  is  altered. 
Condimental  feeds,  medicated  stock  foods,  medicinal  stock 
foods,  stock  food  tonics,  stock  powders,  condition  powders,  con- 
ditioners, animal  regulators,  proprietary  feeds,  or  any  prepara- 
tions of  like  nature,  are  hereby  expressly  designated  as  coming 
under  the  provisions  of  this  act,  and  all  forms  of  animal  life 
except  man  are  included  under  the  term  'animal.'  The  term 
'brand'  as  used  in  this  act  is  to  be  taken  to  mean,  first,  the 
name,  trade-mark  or  other  designation  under  which  a  concen- 
trated feeding-stuff  is  sold,  and,  second,  the  feeding-stuff  itself. 

"Sec.  2.  Every  brand  of  concentrated  feeding-stuff  offered  or 
held  for  sale  within  the  state  of  Kansas  shall  be  registered  in 
the  ofRce  of  the  director  of  the  Agricultural  Experiment  Sta- 
tion of  the  Kansas  State  Agricultural  College,  and  each  sale 
of  any  concentrated  feeding-stuff  not  so  registered  shall  con- 
stitute a  separate  violation  of  this  act.  The  manufacturer  or 
seller  of  any  concentrated  feeding-stuff  shall  apply  to  the  said 
director  of  the  Experiment  Station  for  registration  and  an- 
alysis of  the  feeding-stuff,  and  in  his  application  for  such  reg- 
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istration  and  analysis  he  shall  submit  a  statement  of  the  sev- 
61^  ingredients  used  in  preparing  the  concentrated  feeding- 
stuff  and  the  sources  from  which  they  were  obtained,  which 
information  shall  be  filed  for  reference,  but  shall  not  be  dis- 
closed by  the  said  director  if  none  of  the  ingredients  are  un- 
wholesome, deleterious  or  fraudulent.  If  the  feeding-stuff,  as 
described  by  the  manufacturer  or  seller,  is  found  to  consist  of 
wholesome  materials,  and  the  name  or  brand  used  to  designate 
it  is  not  f^se  or  misleading,  the  said  director  of  the  Experiment 
Station  shall  register  the  name,  brand  or  other  designation  of 
the  concentrated  feeding-stuff,  its  guaranteed  composition  in 
the  terms  stated  in  this  section,  and  the  name  and  address  of 
the  manufacturer  or  seller  appl3ing  for  the  registration.  Such 
registration  shall  be  made  annually,  and  the  manufacturer  or 
seUer  shall  pay  a  registration  fee  of  ten  dollars  for  each  brand 
of  concentrated  fe^ing-stuff  registered;  provided,  that  any 
manufacturer  of  condimental  or  medicinal  stock  foods  shall  pay 
a  registration  fee  of  fifty*dollars  for  each  brand  selling  for 
more  than  forty  dollars  per  ton. 

"Sec.  3.  Whenever  requested  by  the  said  director  of  the  Ex- 
periment Station  it  shall  be  the  duty  of  the  manufacturer  or 
seller  who  secured  registration  of  a  brand  of  concentrated 
feeding-stuff  to  furnish  said  director  a  true  and  complete  list 
of  the  names  and  places  of  business  of  all  dealers  in  said 
brand  of  concentrated  feeding-stuff  who  purchased  it  of  the 
said  manufacturer  or  seller  and  reside  within  the  state  of  Kan- 
sas. Failure  to  furnish  such  list  shall  be  sufficient  ground  for 
revocation  of  the  r^stration  of  said  concentrated  feeding- 
stuff. 

"Sec.  4.  Every  sack,  box,  carton  or  other  package  of  con- 
centrated feeding-stuff  offered  or  held  for  sale  or  sold  within 
the  state  of  Kansas  shaU  bear  a  distinctly  printed  and  con- 
spicuous label  in  the  English  language,  which  shall  state  the 
name  and  address  of  the  manufacturer  or  seller,  the  registered 
name,  trade-mark  or  other  designation  of  the  concentrated 
feeding-stuff,  the  net  weight  of  the  package,  and  the  guaran- 
teed percentage  of  fat  and  of  protein. 

"Sec.  6.  An  inspection  tax  shall  be  collected  upon  all  cotton- 
seed-meal, cottonseed-cake,  linseed-oil  meal,  linseed-oil  cake 
and  feedkig-stuff  by-products  of  starch  factories,  glucose  fac- 
tories, cereal  breakfast-food  factories,  breweries  and  distil- 
leries, meat-packing  establishments  or  slaughtering-houses, 
that  are  sold,  offered  for  sale  or  held  for  sale  within  the  state  of 
Kfmsas,  which  tax  shall  be  at  the  rate  of  twenty-five  cents  per 
ton,  except  as  hereinafter  stated.  Every  sack,  box,  carton  or 
other  package  of  the  feeding-stuffs  named  in  this  section  that  is 
sold,  offered  for  sale,  held  for  sale  or  in  the  possession  of  any 
one  within  the  state  of  Kansas  shall  bear  at  least  one  tag  cer- 
tifying that  the  tax  aforesaid  has  been  paid  on  one  hundred 
pounds  or  a  fraction  thereof.    If  any  package  contains  more 
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than  one  hundred  pounds  it  shall  bear  one  tag  for  each  one 
hundred  pounds  or  fraction  thereof,  and  in  case  the  concen- 
trated feeding-stuff  is  sold  in  bulk,  one  tag  shall  be  delivered 
with  each  one  hundred  pounds  or  fraction  thereof.  All  tags 
required  under  the  provisions  of  this  section  shall  be  obtained 
from  the  aforesaid  director  of  the  Experiment  Station  in  lots 
of  four  hundred  or  multiples  thereof,  and  he  shall  receive  from 
the  manufacturer  or  seller  five  dollars  for  each  four  hundred 
so  furnished.  Such  tags  shall  be  good  until  used,  but  counter- 
feiting them  or  using  them  more  than  once  is  prohibited.  The 
tax  so  collected,  together  with  all  registration  fees  collected, 
shall  be  used,  so  far  as  may  be  necessary,  in  defraying  the 
expenses  of  inspection  and  analysis  of  concentrated  feeding- 
stuffs,  as  hereinafter  provided,  and  if  any  residue  remains  it 
shall  be  turned  into  the  general  funds  of  the  Experiment  Sta- 
tion aforesaid ;  provided,  however,  that  employees  of  the  state 
upon  salaries  shall  not  receive  any  additional  compensation 
for  making  such  inspection  and  analysis. 

"Sec.  6.  In  so  far  as  the  revenues  provided  by  this  act  or 
otherwise  may  suffice,  it  shall  be  the  duty  of  the  chemist  of 
the  Experiment  Station  aforesaid  to  make,  or  cause  to  be  made, 
such  inspection  and  analysis  of  concentrated  feeding-stuffs  as 
in  his  judgment  may  be  deemed  necessary  to  ascertain  whether 
or  not  manufacturers  and  others  are  complying  with  all  the 
provisions  of  this  act.  Toward  this  end  he  or  his  authorized 
deputies  shall  procure  annually  at  least  one  sample  of  each 
brand  of  concentrated  feeding-stuff  registered  for  sale  within 
the  state  of  Kansas,  and  shall  make,  or  cause  to  be  made,  an 
analysis  of  the  same,  according  to  the  methods  of  the  Associa- 
tion of  Official  Agricultural  Chemists,  and  a  certified  state- 
ment of  the  results  of  such  analysis  shall  be  prima  facie  evi- 
dence in  any  legal  action  within  tJie  state  of  Kansas  concerning 
such  concentrated  feeding-stuff;  provided,  however,  that  em- 
ployees of  the  state  upon  salaries  shall  not  receive  any  addi- 
tional compensation  for  making  such  inspection  or  analysis. 

"Sec.  7.  In  sampling  concentrated  feeding-stuffs  in  lots  of 
ten  or  less  packages,  portions  shall  be  taken  from  each  pack- 
age ;  in  lots  of  more  than  ten  packages  and  not  more  than  five 
tons,  samples  shall  be  taken  from  not  less  than  ten  packages 
and  from  not  less  than  ten  per  cent,  of  the  packages.  In  lots 
of  over  five  tons  portions  shall  be  taken  from  not  less  than 
twenty  packages.  In  sampling  concentrated  feeding-stuffs  in 
bulk,  not  less  than  ten  portions  shall  be  drawn,  and  these  from 
various  parts,  so  as  to  represent  fairly  the  whole.  The  portions 
drawn  shall  be  carefully  mixed  and  from  the  mixture  two 
samples  of  about  two  pounds  each  reserved  and  placed  in 
sealed  bottles  or  jars,  and  accurately  labeled.  One  of  these 
samples  shall  be  delivered  to  the  owner  of  the  concentrated 
feeding-stuff,  or  his  representative,  the  other  taken  for  the 
use  of  the  chemist  of  the  Experiment  Station.    Sampling  shall 
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be  during  ordinary  business  hours,  and  the  owner  of  the  con- 
centrated feeding-stuff,  or  his  representative,  may  be  present, 
but  any  refusal  by  such  owner  or  his  representative  to  permit 
sampling  shall  be  taken  as  sufficient  evidence  of  violation  of 
this  law  by  him. 

"Sec.  8.  Any  manufacturer,  seller  or  holder  of  concentrated 
feeding-stuffs  who  shall  fail  to  comply  with  all  the  provisions 
of  this  act,  or  who  shall  sell,  offer  for  sale  or  hold  for  sale  any 
concentrated  feeding-stuffs  the  composition  of  which  is  not  in 
accordance  with  that  guaranteed,  upon  conviction  shall  be 
deemed  guilty  of  a  misdemeanor  and  fined  not  less  than  fifty 
dollars  nor  more  than  two  hundred  dollars  and  costs  for  the 
first  offense,  and  not  less  than  one  hundred  dollars  nor  more 
than  five  hundred  dollars  and  costs  for  each  subsequent  offense ; 
provided,  that  any  seller  shall  be  exempt  from  the  penalty  for 
sale  of  concentrated  feeding-stuffs  that  are  below  the  guar- 
anteed standard  if  he  has  a  written  guaranty  from  the  manu- 
facturer or  seller  of  the  concentrated  feeding-stuff  that  said 
feeding-stuff  is  registered  and  of  the  guaranteed  composition, 
if  said  manufacturer  or  seller  is  a  resident  of  the  state  of  Kan- 
sas. Suit  may  be  brought  for  the  recovery  of  penalties  under 
the  provisions  of  this  act  in  the  district  court  of  the  county 
where  the  offense  is  alleged  to  have  been  committed,  and  shall 
be  prosecuted  by  the  county  attorney  in  the  name  of  the  state 
of  Kansas,  upon  complaint  of  the  said  director  of  the  Experi- 
ment Station  or  of  some  reputable  citizen  of  the  county.  Each 
sale  shall  constitute  a  separate  offense.  Penalties  recovered 
under  this  act  shall  be  turned  into  the  school  fund  of  the  county 
wherein  the  offense  was  committed.  In  cases  involving  the 
composition  of  the  concentrated  feeding-stuff  a  deficiency  not 
greater  than  one-fifteenth  of  the  guaranteed  percentage  of  any 
ingredient  shall  not  be  taken  as  evidence  of  fraudulent  intent, 
but  the  seller  of  any  concentrated  feeding-stuff  that  does  not 
possess  the  composition  guaranteed  shall  be  liable  for  damages 
resulting  to  the  user  in  consequence  thereof. 

"Sec.  9.  The  Experiment  Station  aforesaid  shall  publish  at 
least  annually  a  bulletin  giving  a  list  of  the  concentrated  f eed- 
ing-stuflFs  registered  for  sale  in  this  state,  with  their  guar- 
anteed composition  and  such  other  information  as  may  be 
deemed  valuable  to  the  public  concerning  them  and  their  use. 
This  bulletin  shall  also  contain  a  list  of  the  manufacturers  and 
sellers  of  concentrated  feeding-stuffs  in  this  state,  according 
to  the  statements  secured  under  the  provisions  of  section  3. 

"Sec.  10.  The  adulteration  of  any  concentrated  feeding- 
stuff  by  the  addition  of  foreign  mineral  matter,  or  by  the  addi- 
tion of  foreign  animal  or  vegetable  matter  of  little  or  no 
nutritive  value,  and  the  use  or  addition  of  substances  poison- 
ous or  deleterious  to  animals,  is  forbidden.  This  section  shall 
not  be  so  construed  as  to  prevent  the  compounding  and  sale 
of  balanced  feeds  or  condiments,  the  composition  of  which 
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has  been  duly  declared  and  approved  in  accordance  with  the 
provisions  of  section  2. 

"Sec.  11.  The  provisions  of  this  act  shall  not  apply  to  snoods 
sold  by  one  manufacturer  to  another;  nor  to  feed  ground  or 
mixed  by  the  consumer  of  the  same;  nor  to  wheat  bran,  wheat 
shorts,  wheat  middlings,  wheat  screenings,  rye  bran,  rye 
shorts,  rye  middlings,  buckwheat  bran,  com  bran,  corn-meal, 
com  chop,  com-and-cob  meal,  ground  Kafir-corn,  ground  sor- 
ghum seed,  ground  broom-corn  seed,  ground  milo  maize, 
ground  emmer,  ground  speltz,  ground  rye,  ground  barley,  or 
sugar-beet  pulp,  when  the  same  is  not  mixed  with  other  grains, 
or  with  other  substances,  or  with  each  other;  but  the  feeding- 
stuffs  named  in  this  section  shall  be  subject  to  the  insp^i^on 
provided  for  in  section  6,  for  the  purpose  of  ascertaining 
whether  or  not  they  are  in  fact  sold,  held  for  sale  or  offered 
for  sale  in  the  pure  state,  and  in  packages  the  weight  of  which, 
on  the  average,  is  equal  to  that  which  it  is  represented  to  be. 

"Sec.  12.  AU  acts  and  parts  of  acts  in  conflict  with  this  act 
are  hereby  repealed. 

"Sec.  18.  This  act  shall  go  into  effect  on  the  first  day  of 
July,  1907,  after  its  publication  in  the  statute-book. 

"Original  act  approved  March  5,  1907.  Published  May  27, 
1907. 

"Amendments  approved  January  81,  1908.  Published  Feb- 
ruary 5,  1908.'' 

After  the  revised  law  was  in  effect  inspection  work  was  re- 
sumed, and  the  principal  towns  of  the  greater  part  of  the  state 
where  the  sale  of  concentrated  feeding-stuffs  is  an  important 
business  were  visited.  As  bran,  shorts  and  com  chop  were  no 
longer  under  the  law,  samples  were  not  collected  of  these 
feeds,  even  though  previously  registered,  excepting  as  such 
collection  was  deemed  advisable  on  account  of  suspected  adul- 
teration. The  first  work  of  inspectors  must  necessarily  be 
largely  one  of  education,  and  by  frigidly  means  to  induce 
manufacturers  and  dealers  to  comply  with  the  law.  We  have 
no  desire  to  institute  legal  proceedings,  and  it  is  a  pleasure  to 
state  that  in  most  cases  manufacturers  and  dealers  are  willing 
to  comply  with  the  law,  and  regard  it  as  a  good  one  for  aU 
concerned.  The  accompan3ring  table  shows  the  composition 
of  certain  registered  feeds  in  respect  to  protein  and  fat,  guar- 
anty under  which  they  were  offered  by  the  manufacturers, 
and  the  results  obtained  on  analysis  of  the  inspection  sample 
or  samples.  In  considering  these  results  it  must  be  borne  in 
mind  that  the  original  samples  as  sent  for  analysis  were  not 
taken  by  those  skilled  in  such  work  and  acquainted  with  the 
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importance  of  observing  minute  details  of  care  in  order  to  ob- 
tain a  fairly  representative  sample.  It  must  also  be  recognized 
that  the  moisture  content  of  feeds  is  subject  to  a  certain  varia- 
tion. All  samples  taken  by  the  inspectors  for  analysis  were 
placed  in  sealed  glass  jars  and  changed  little  afterward.  The 
samples  first  sent  in  by  the  manufacturers  may  have  undergone 
alteration  due  to  atmospheric  conditions.  Furtiier,  it  must  be 
borne  in  mind  that  the  raw  materials  upon  which  the  manufac- 
turer operates  must  necessarily  vary  to  a  greater  or  less  extent. 
It  is  the  duty  of  manufacturers  to  take  this  into  account  in 
making  their  guaranty.  To  avoid  doing  injustice  to  a  well-in- 
tentioned dealer  or  manufacturer  the  law  itself  further  pro- 
vides that  a  deficiency  not  greater  than  one-fifteenth  of  the 
guaranteed  percentage  of  any  ingredient  shall  not  be  taken  as 
evidence  of  f raudul^it  intuit. 
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ANALYSES   OF   REGISTRATION   SAMPLES. 

Probably  no  such  extensive  examination  of  bran,  shorts  and 
com  chop  in  respect  to  protein  and  fat  has  been  made  pre- 
viously as  that  involved  in  the  analyses  made  in  this  laboratory 
the  past  year  under  the  provisions  of  the  law.  Because  of 
this,  and  from  the  general  interest  in  comparing  results,  the 
accompanying  tables  are  given,  which  show  all  the  results 
obtained  on  samples  of  feeding-stuffs  registered  within  the 
fiscal  year.  As  condimental  feeds  are  not  administered  for 
their  content  of  protein  and  fat,  and  manufacturers  do  not 
care  to  make  a  guaranty  on  those  points,  as  a  rule  these  have 
not  been  analyzed. 

The  order  of  arrangement  of  the  feeds  in  the  table  is  alpha- 
betical in  respect  to  place  of  business  of  the  person  or  firm 
making  the  registration. 
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VARIATION  IN  COMPOSITION  IN  DIFFERENT  REGIONS 
OF  THE  STATE. 

As  the  work  of  analysis  of  the  samples  recorded  on  the 
foregoing  pages  proceeded,  indications  seemed  to  appear  that 
there  were  differences  in  composition  due  to  regional  differ- 
ences in  origin.  We  have  therefore  collected  together  and 
averaged  the  results  for  the  three  feeds — ^bran,  shorts  and 
com  chop — as  obtained  on  samples  grouped  into  eight  lots 
representing  as  many  parts  of  the  state.  These  eight  regions 
are  indicated  on  the  accompanying  map.  While  of  approxi- 
mately equal  size  they  to  a  considerable  extent  also  represent 
distinctly  different  drainage  areas  as  well  as  progressive  varia- 
tion in  climatic  conditions, 


Regions  I  and  II  are  bounded  on  the  west  by  the  great  belt 
of  limestone  hills  which  stretches  across  the  state  and  marks 
the  upper  limit  of  the  Carboniferous  geological  formation. 
Region  I  consists  largely  of  the  drainage  basins  of  the  Blue, 
Kansas  and  Marais  des  Cygnes  rivers,  while  region  II  is  char- 
acterized by  those  of  the  Neosho  and  Verdigris.  Region  III 
includes  the  lower  stretches  of  the  valleys  of  the  Saline,  Solo- 
mon, Republican  and  Smoky  Hill  rivers,  while  the  waters  of 
region  FV  flow  almost  wholly  into  the  Arkansas,  as  do  those  of 
regions  VI  and  VIII.  Regions  V  and  VII  are  in  the  higher 
altitudes  drained  by  the  Republican,  Saline  and  Smoky  Hill 
rivers.  In  regions  III  and  IV  we  pass  from  the  characteristics 
of.  eastern  Kansas  to  those  typical  of  the  Great  Plains,  which 
are  exemplified  completely  in  regions  V,  VI,  VII  and  VIII. 
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The  average  annual  rainfall  diminishes  steadily  from  about 
forty  inches  per  annum  on  the  eastern  border  to  less  than  fif- 
teen inches  at  the  Colorado  line.  The  altitude  ranges  from 
about  690  feet,  at  Kansas  City,  Kan.,  to  about  4000  feet. 

The  accompanying  table  exhibits  the  average  results  for  the 
several  regions  and  for  the  entire  state.  The  numbers  of  sam- 
ples coming  from  the  different  regions  gives  one  a  measure  of 
the  relative  importance  of  each  in  respect  to  the  staple  crops, 
wheat  and  com.  Study  of  the  figures  shows  a  tendency  to 
higher  protein  content  as  the  place  of  origin  is  farther  west- 
ward with  all  three  of  the  feeds — ^bran,  shorts  and  com  chop. 
The  fat  seems  to  be  nearer  constant,  especially  with  com.  It 
is,  of  course,  recognized  that  the  grain  milled  in  a  given  re- 
^on  is  not  all  produced  in  that  region,  so  that  there  must  be 
some  lack  of  sharpness,  on  this  account,  in  such  differences  as 
exist.  It  should  also  be  recognized  that  the  moisture  content 
probably  diminishes  as  one  goes  westward,  which  would  tend 
to  increase  the  percentages  of  the  other  constituents. 

AVERAGE  PERCENTAGE  OF  PROTEIN  AND  FAT  IN  BRAN.  SHORTS  AND  CX)RN 
CHOP  FROM  EIGHT  REGIONS  OF  KANSAS.  AND  GENERAL  AVERAGES  FOR  ALL. 


Bran. 

Shorts, 

Com  Chop. 

Region. 

No. 

of 

sam- 

plee. 

Per- 
cent- 
age of 
pro- 
tein. 

Per- 
cent- 

fat. 

No. 

of 
sam- 
plee. 

Per- 
cent- 
age of 
pro- 
tein. 

Per- 
cent- 

fat. 

No. 

of 
sam- 
ples. 

Per- 
cent- 
age of 

Per- 
cent- 

fat. 

I 

32 
28 
30 
69 
17 
14 
3 
1 

14.87 
15.44 
15.84 
15.59 
16.60 
16.83 
16.06 
17.18 

4.35 
4.41 
4.16 
4.25 
3.97 
4.08 
4.19 
4.26 

31 
24 
82 
60 
15 
18 
3 

15.46 
15.68 
16.20 
16.78 
17.71 
17.12 
16.68 

4.11 
4.06 
4.22 
4.46 
4.02 
4.04 
4.14 

79 
89 

41 
88 
19 
26 
4 
9 

8.76 
8.77 
9.60 
9.28 
9.78 
9.52 
9.47 
9.70 

4.0S 

n...;. 

4.16 

IIL 

4  03 

IV 

4  06 

V 

3.88 

VI 

4  08 

VII 

4  07 

vni 

4  25 

Totals. 

179 

15.46 

4.24 

178 

16.88 

4.29 

360 

9.10 

4.07 
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RULINGS  UNDER  THE  LAW. 

It  is  not  possible  with  reference  to  any  complicated  busi- 
ness so  to  formulate  a  law  that  all  circumstances  and  contin- 
gencies will  be  provided  for.  It  becomes  necessary,  therefore, 
for  the  administrative  officer  charged  with  the  enforcement  of 
the  law  to  adopt  lines  of  action  which  the  letter  and  the  spirit 
of  the  law  warrant,  and  at  times  to  embody  his  judgment  in 
definite  rulings.  In  the  administration  of  the  feeding-stuffs 
law  the  Station  officers  have  been  guided  by  the  interests  of 
the  consumer  and  the  honest  manufacturer  as  affected  by  the 
law,  and  have  striven  to  incommode  them  as  little  as  possible. 
The  remainder  of  this  Bulletin  will  be  largely  a  discussion  of 
the  relation  of  the  law  to  the  several  classes  affected  by  it. 
Certain  of  its  requirements  are  enlarged  upon  that  there  may 
be  no  doubt  as  to  our  attitude  in  the  work  of  inspection.  Some 
of  these  matters  have  been  the  subject  of  extended  considera- 
tion by  the  attorney-general  of  the  state,  and  it  is  believed  that 
the  views  here  presented  are  such  as  will  stand  the  test  of  the 
courts. 

OBJECTS  OF  THE  LAW. 

The  law  is  calculated  to  benefit  both  the  producer  and  the 
consumer  of  feeds  coming  within  its  scope.  It  benefits  the  con- 
sumer (1)  by  giving  him  an  assurance  concerning  the  nature 
of  the  article  which  he  purchases;  (2)  by  the  statement  of  the 
net  weight  of  the  package;  (3)  by  the  guaranty  of  composition 
required,  which  is  an  index  of  the  quality  of  the  feed. 

The  manufacturer  of  feeds  that  are  what  they  purport  to  be 
and  that  are  sold  in  fair  competition  is  benefited  (1)  by  the 
elimination  of  adulterated  and  misbranded  goods,  which  are 
by  no  means  uncommon  in  the  absence  of  a  law  of  this  kind ; 
(2)  by  the  elimination  of  the  competition  of  short-weight  pack- 
ages; (3)  by  the  advantage  in  the  sale  of  high-grade  goods  re- 
sulting from  a  guaranty  of  the  percentage  of  fat  and  of  protein. 

There  are  abundant  and  increasing  evidences  that  feeds 
hitherto  sold  under  the  same  name  lack  much  of  being  identical. 
Under  the  name  of  bran,  mixtures  of  very  uncertain  nature 
have  been  sold.  Com  chop  has  not  always  meant  the  same 
thing,  and  with  admittedly  mixed  feeds  there  has  been  still 
greater  uncertainty. 
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In  respect  to  weight,  it  is  well  known  in  some  of  our  cities 

and  towns  that  sacks  of  bran  or  chop  supposed  to  be  of  100 

pounds'  weight  have  been  5,  10  or  15  pounds  short  of  that 

weight,  to  the  disadvantage  of  the  purchaser  and  of  the  com- 

*  petitor  who  puts  out  his  feeds  in  full-weight  sacks. 

In  respect  to  composition,  by  which  is  meant  the  chemical 
ingredients  of  the  feed,  such  as  fat,  protein,  carbohydrates 
and  mineral  constituents  or  ash,  there  are  considerable  differ- 
ences in  different  brands  of  the  same  kind  of  feed.  Thus  cot- 
tonseed-meal is  made  in  various  grades,  which  diflfer  greatly 
in  value  because  of  their  difference  in  composition.  The  same 
thing  is  true  of  many  other  feeds. 

SCOPE  AND  APPLICATION  OP  THE  LAW. 

It  will  be  seen  that  section  1  defines  concentrated  feeding- 
stuffs  for  the  purpose  of  the  law,  which  definition  agrees  sub- 
stantially with  the  ordinary  use  of  the  words,  except  that  it 
does  not  include  unmixed  grains,  either  ground  or  whole.  It 
might  also  be  held  that  condimental  feeds  would  not  necessarily 
be  so  classed.  To  remove  any  doubt  in  this  case  the  law  spe- 
cifically provides  that  they  shall  be  sold  in  accordance  with  its 
provisions,  and  to  prevent  any  evasion  of  the  spirit  of  the  law 
the  various  names  under  which  this  class  of  goods  is  sold  are 
recited. 

It  will  be  seen  that,  in  addition  to  condimental  feeds,  which 
are  later  referred  to  as  condimental  or  medicinal  stock  foods, 
all  mixed  feeds,  and  all  feeds  which  have  been  produced  by 
altering  in  any  way  the  composition  of  the  original  substance, 
must  be  held  to  be  within  the  scope  and  application  of  the  law. 
Hence,  except  as  otherwise  specifically  provided,  it  applies  to 
all  by-products  of  seeds  or  grains,  since  in  the  manufacturing 
process  to  which  the  seed  or  grain  is  subjected  certain  parts 
are  removed  which,  being  different  from  the  entire  seed  or 
grain  in  composition,  leave  a  by-product  that  is  also  different 
from  the  original  substance  in  composition.  This  would  in- 
clude bran,  shorts  and  middlings,  were  they  not  especially  ex- 
cepted by  the  provisions  of  section  11. 

The  law  applies  to  all  kinds  of  mixed  feeds.  Many  of  the 
feeds  as  now  put  out  by  fiouring-mills  come  within  this  classifi- 
cation, as  they  do  not  consist  of  pure  bran  or  pure  shorts,  but 
of  mixtures  of  these  with  each  other  or  with  wheat  screenings, 
com  bran,  etc.    All  such  mixtures  come  within  the  scope  of  the 
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law.  Such  mixtures,  as  well  as  all  others,  must  be  registered, 
and  when  sold  carry  the  label  provided  for  by  section  4  of  the 
law.  It  may  also  be  mentioned  that  bran  or  shorts  containing 
screenings  or  other  admixtures  will  not  be  permitted  by  the 
federal  authorities  to  enter  interstate  commerce  under  the 
names  of  the  pure  feeds. 

REGISTRATION  OP  FEEDING-STUFFS. 

The  law  requires  that  all  concentrated  feeding-stuffs,  as  de- 
fined in  the  law,  excepting  as  specified  in  section  11,  shall  be 
registered  by  the  director  of  the  Experiment  Station,  but  he 
is  not  required  to  register  products  that  are  misbran/led  or 
deleterious.  To  enable  him  to  form  a  judgment  on  these  points 
the  law  requires  those  applying  for  registration  of  feeding- 
stuffs  to  make  certain  statements  concerning  them.  The  in- 
gredients used  in  preparing  the  feeding-stuff  must  be  stated 
and  the  sources  from  which  they  are  obtained.  For  example, 
if  "mixed  feed"  is  offered  for  registration  the  applicant  must 
state  what  is  mixed  to  make  the  feed.  He  might  say  "chop, 
bran  and  screenings."  That  would  not  be  sufflcient,  as  there 
are  various  kinds  of  chop,  bran  and  screenings,  and  the  specific 
kinds  must  be  stated.  Even  in  registering  a  single  feed  a  state- 
ment of  its  origin  is  necessary.  In  brief,  he  must  give  the 
exact  name  which  he  expects  to  place  upon  the  label,  and  he 
must  state  the  kinds  of  grains,  by-products  or  other  materials 
which  he  incorporates  in  the  feed,  using  their  ordinary  names. 
It  is  of  the  highest  importance  to  the  applicant  that  he  make 
a  truthful  statement  concerning  his  feeds,  for  if  the  later  work 
of  inspection  shows  that  the  article  which  he  places  upon  the 
market  does  not  agree  with  his  statement  concerning  it,  its 
registration  will  be  revoked  and  he  will  be,  moreover,  liable  to 
punishment  for  violation  of  the  law. 

The  director  will  refuse  registration  if  the  name  or  brand 
under  which  it  is  proposed  to  sell  the  feed  is  false  or  mislead- 
ing. This  covers  adulteration,  as  no  mixed  feed  may  be  reg- 
istered under  the  name  of  a  single  constituent,  and  the  label 
under  which  the  feed  is  sold  must  bear  the  registered  name. 
If  a  mixture  is  sold  for  what  it  is  there  is  no  deception  and 
no  adulteration,  but  if  such  a  mixture  were  sold  under  the 
name  of  only  one  of  the  components  it  would  be  a  sale  of  adul- 
terated feed.  For  example,  a  mixture  of  corn  chop  and  com 
bran  may  be  sold  as  such  if  it  is  registered  and  is  sold  under 
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the  label  and  guaranty  required  by  section  4,  but  if  it  is  sold 
as  corn  chop  the  seller  is  liable  to  all  the  penalties  of  the  law. 
Similar  considerations  apply  to  a  mixture  of  wheat  bran  and 
com  bran,  since  the  name  bran  when  unqualified  is  universally 
taken  to  mean  wheat  bran.  It  must  be  registered  and  sold  un- 
der some  name  that  will  show  its  character. 

ANALYSIS  OF  SAMPLES. 

The  law  is  construed  to  require  the  Experiment  Station  to 
determine,  without  extra  charge,  the  percentage  of  protein 
and  of  fat  in  registered  feeds  if  the  manufacturers  desire  it 
in  order  to  make  the  guaranty  required  by  section  4.  If  a  more 
extended  analysis  is  desired  arrangements  may  be  made  with 
the  chemist  of  the  Station  to  have  such  work  done.  In  such 
cases  a  charge  is  made,  which  is  to  be  paid  in  advance.  No 
analysis  is  begun  on  a  feed  offered  for  registration  until  the 
registration  fee  of  ten  dollars  has  been  paid.  Analyses  are 
made  in  the  order  of  registration  if  the  samples  are  at  hand. 

Manufacturers  are  not  infrequently  disappointed  in  the  re- 
sults shown  by  the  analysis  of  their  samples.  It  is  a  matter  of 
some  difficulty  to  get  a  perfectly  fair  sample.  To  insure  that 
justice  be  done  manufacturers  in  our  inspection  work,  the  law 
prescribes  the  mode  of  sampling  that  is  to  be  followed  when 
samples  for  inspection  are  taken.  It  is  apparent  that  manu- 
facturers in  taking  samples  upon  which  they  are  to  base  their 
guaranty  should  proceed  with  somewhat  similar  care,  and  a 
sample  of  not  less  than  one  or  two  pounds  should  be  sent  to 
the  chemist  by  mail  or  prepaid  express.  All  samples  must 
bear  the  name  and  address  of  the  sender  as  a  means  of  identi- 
fication. 

Purchasers  of  feeds  frequently,  suspect  that  they  are  not  of 
the  desired  quality  and  request  that  analyses  be  made  by  the 
Experiment  Station.  While  there  is  no  provision  in  any  of 
the  laws  requiring  the  Experiment  Station  or  any  other  in- 
stitution in  the  state  to  make  such  analyses  without  charge, 
it  is  our  desire  to  serve  the  public  interest,  even  to  the  extent 
of  making  analyses  upon  samples  furnished  by  private  indi- 
viduals. It  is  seldom,  however,  that  such  samples  serve  any 
public  interest  and  as  a  rule  a  charge  must  be  made  for  such 
analyses.  Those  who  wish  analyses  made  should  state  spe- 
cifically what  constituents  are  to  be  determined,  also  the  name 
and  address  of  the  dealer  from  whom  the  feed  was  obtained,. 
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the  brand  of  the  feed,  and  the  quantity  in  the  shipment.  The 
value  of  the  analysis  will  be  very  much  increased  by  following^ 
the  directions  for  sampling  contained  in  the  law. 

In  case  of  shipment  of  large  amounts  of  feed  coming  within 
the  scope  of  the  feeding-stuffs  law,  which  feed  appears  not  ta 
be  as  represented,  it  is  sometimes  possible  to  send  a  deputy  in- 
spector to  examine  and  sample  the  feed.  It  must  be  understood 
that  feed  purchased  outside  the  limits  of  the  state  and  upon 
which  the  inspection  tax  has  not  been  paid,  and  which  has  per- 
haps not  even  been  registered,  does  not  come  within  these  pro- 
visions. 

LABELING  AND  TAGGING. 

The  law  provides  that  a  distinct  label  or  tag,  as  specified  in 
section  4,  must  be  on  every  package  of  concentrated  feeding- 
stuff,  as  defined  by  the  law,  sold  in  the  state.  The  guaranty 
as  to  the  percentage  of  protein  and  fat  required  by  the  law  is 
understood  to  be  the  minimum,  and  not  necessarily  the  exact 
amount  in  the  feed.  The  manufacturer  guarantees  that  the 
percentages  will  be  not  less  than  those  which  he  states.  The 
label  may  be  in  the  form  of  a  tag  attached  to  the  package  or 
the  information  may  be  printed  upon  the  sack  or  other  con- 
tainer, as  suits  the  convenience  of  the  manufacturer. 

It  is  held  that  the  label  required  by  section  4  need  not  be 
attached  to  packages  shipped  to  points  outside  the  state  unless 
the  destination  is  near  the  Kansas  line  and  the  feed  is  likely  to 
get  back  into  Kansas  markets. 

Concerning  sales  of  feed  in  bulk,  the  law  is  not  clear  in 
respect  to  the  label  described  in  section  4,  and  it  is  held  that 
the  delivery  to  the  consumer  of  one  such  label  with  each  lot 
purchased  in  bulk  is  in  accordance  with  the  spirit  of  the  law, 
and  that  such  delivery  should  be  made.  In  respect  to  very 
small  lots  of  ten  pounds  or  less  taken  from  a  bulk  lot  in  the 
store  of  a  dealer,  it  is  held  that  conspicuous  display  in  connec- 
tion with  the  bulk  supply  of  a  label  giving  the  information  re- 
quired by  section  4  is  sufficient,  and  that  a  label  need  not  be 
attached  to  the  small  lot. 

Feeds  subject  to  the  inspection  tax  must,  in  addition  to  the 
tax  tags  required  by  the  provisions  of  section  5,  carry  the  label 
or  tag  provided  for  by  section  4. 
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THE  INSPECTION  TAX. 

Section  5  of  the  law  provides  for  the  payment  of  an  inspec- 
tion tax  on  certain  kinds  of  feeds.  This  tax  is  to  be  collected 
by  means  of  tags  to  be  furnished  by  the  director  of  the  Experi- 
ment Station  at  the  rate  of  400  for  five  dollars.  The  law  pro- 
vides that  all  of  the  feeds  named  in  section  5  shall  pay  this  tax 
whether  made  in  this  state  or  not,  and  no  matter  by  what 
means  they  are  introduced.  All  such  feeds  sold  or  held  for  sale 
by  any  one  within  the  state  of  Kansas  must  bear  at  least  one 
tag  on  each  package,  and  each  100  pounds  or  fraction  thereof 
in  a  bulk  lot  must  be  accompanied  by  one  tag.  Residents  of 
Kansas  ordering  any  of  these  feeds  for  sale  should  insist  upon 
it  that  the  manufacturers  ship  the  goods  properly  tagged  to 
show  that  the  inspection  tax  has  been  paid,  and  also  labeled 
in  accordance  with  section  4.  The  data  required  by  section  4 
may  be  printed  on  the  back  of  the  tax  tag  if  desired.  Counter- 
feiters of  the  tag,  and  users  of  counterfeit  or  fraudulent  tags, 
will  be  punished  to  the  full  extent  of  the  law.  If  dealers  ob- 
tain feeds  offered  within  the  state  or  from  other  states  that 
are  not  properly  tagged  it  is  their  duty  to  see  that  tags  are  at- 
tached in  accordance  with  the  provisions  of  sections  4  and  5 
in  so  far  as  they  apply.  Failure  of  a  manufacturer  or  other 
dealer  to  attach  the  tags  does  not  excuse  any  one  else. 

It  would  much  facilitate  the  administration  of  the  feeding- 
stuffs  law  if  all  manufacturers  outside  the  state  would  attach 
the  tax  tags  to  all  feeds  requiring  them  which  they  ship  into 
the  state.  We  have,  however,  no  hold  upon  them  excepting 
through  the  specifications  that  may  be  made  by  dealers  within 
the  state,  and  all  such  dealers  should,  in  securing  quotations  of 
prices,  specify  that  any  tax  tags  or  labels  required  by  the  Kan- 
sas law  be  attached  by  the  manufacturer.  Dealers  who  do  not 
do  this  cannot  fail  to  be  more  or  less  under  the  suspicion  of 
neglecting  to  attach  proper  tax  tags  and  labels  themselves  be- 
fore selling  the  goods  within  the  state. 

It  is  possible  for  a  consumer  to  order  feed  from  points  out- 
side the  state  and  obtain  it  without  any  guaranty,  tax  tags  or 
other  conformation  to  the  provisions  of  the  Kansas  feeding- 
stuffs  law,  and  as  long  as  he  feeds  it  himself,  offering  none  of  it 
for  sale  and  selling  none,  the  transaction  does  not  come  within 
the  scope  of  the  Kansas  law,  being  interstate  commerce.  On 
the  other  hand,  the  feeder  relinquishes  all  protection  that  the 
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law  is  designed  to  give.  In  cases  in  which  the  consumer  pur- 
chases concentrated  feeding-stuffs  of  dealers  located  in  this 
state,  the  shipment  of  the  feed  direct  from  the  jobber  or 
manufacturer  outside  the  state  to  the  consumer  without  its 
passing  through  the  warehouses  of  the  dealer  who  sold  the 
feed,  does  not  relieve  the  feed  from  the  required  inspection 
tax,  and  dealers  selling  feed  in  that  way  without  furnishing 
the  consumer  the  necessary  tax  tags,  or  seeing  that  they  are 
applied  by  the  manufacturer,  is  violating  the  law. 

MIXED  FEEDS. 

Mixed  feeds  have  always  been  the  medium  through  which 
the  most  flagrant  frauds  in  the  feeding-stuffs  business  have 
been  perpetrated.  Oat-hulls,  rice  bran,  ground  corn-cobs  and 
other  waste  products  of  little  or  no  feeding  value  have  been 
systematically  incorporated  in  such  feeds.  The  value  of  mixed 
feeds  cannot  be  estimated  by  a  purchaser  with  much  assur- 
ance of  satisfactory  results.  In  the  case  of  pure  feeds,  the  con- 
sumer can,  to  a  degree,  judge  for  himself,  notwithstanding  the 
considerable  variations  to  which  even  they  are  subject  in  re- 
spect to  composition  and,  consequently,  feeding  value.  Mixed 
feeds  have  therefore  always  come  under  feeding-stuffs  laws 
and  have,  indeed,  received  special  attention. 

The  Kansas  law  requires  that  feeding-stuflfs  that  have  been 
subjected  to  any  mixing  process,  or  subjected  to  any  process 
whereby  the  composition  of  the  original  material  is  altered, 
shnll  be  registered  with  the  director  of  the  Experiment  Station 
if  sold,  offered  for  sale  or  held  for  sale  within  the  state  of 
Kansas.  It  further  provides  that  every  sack  or  other  package 
held  for  sale  or  sold  within  the  state  shall  bear  a  distinct  brand 
and  conspicuous  label  in  the  English  language,  which  shall 
state  the  name  of  the  manufacturer  or  seller,  the  registered 
name,  trade-mark  or  other  designation  of  the  feed,  the  net 
weight  of  the  package,  and  a  guaranty  as  to  the  percentage  of 
fat  and  of  protein. 

It  must  be  distinctly  recognized  that  this  provision  has  no 
bearing  upon  mixtures  made  for  one  for  his  own  use,  whether 
the  user  mixes  the  feed  with  his  own  hands,  has  it  done  by  his 
hired  man,  or  orders  it  done  by  a  dealer.  A  consumer  may,  for 
his  own  use,  order  any  mixture  whatever  made  by  a  dealer,  and 
the  law  has  no  application  to  the  transaction.  If  he  is  feeding 
a  ration  to  his  animals  he  is  thus  able  to  modify  it  at  any  time 
-4 
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and  in  any  way  that  he  sees  fit.  The  law  hampers  him  in  no 
way  whatever  as  long  as  the  mixture  made  is  not  offered  for 
sale. 

While  dealers  are  thus  permitted  to  mix  feeds  in  any  way 
that  may  be  wished  by  a  purchaser  upon  his  special  order,  he 
has  no  right  to  anticipate  orders  and  mix  feeds  in  advance, 
holding  them  in  stock  until  purchased.  Any  mixture  of  feeds 
thus  kept  on  hand  by  a  dealer  is  subject  to  all  of  the  provisions 
of  the  law  as  designated  above. 

Attention  may  be  drawn  to  the  fact  that  wheat  bran  mixed 
with  wheat  screenings,  corn  bran  or  other  foreign  substances 
must  be  regarded  as  a  mixed  feed,  and  its  manufacturers  are 
required  to  comply  with  the  law  as  applied  to  mixed  feeds.  So, 
too,  com  bran  may  not  be  mixed  with  com  chop  without  sub- 
jecting it  to  all  of  these  provisions.  The  importance  of  bran 
and  com  chop  is  such  as  to  warrant  special  treatment.  This 
is  given  in  the  succeeding  paragraphs. 

WHAT  IS  PURE  BRAN? 

In  its  present  form  the  Kansas  feeding-stuffs  law  requires 
no  registration  or  special  guaranty  or  tagging  for  pure  bran 
or  pure  shorts,  while  impure  feeds  of  the  general  nature  of 
these  must  be  registered  as  mixtures  and  be  labeled  so  as  to 
show  the  net  weight  of  the  package,  the  name  and  address  of 
the  manufacturer,  the  name  of  the  feed,  and  a  guaranty  as 
to  the  percentage  of  fat  and  of  protein.  Hence  a  definition  or 
description  of  pure  bran  becomes  of  considerable  importance 
to  manufacturers  and  consumers  alike. 

The  chemist  of  the  Experiment  Station,  who  is  by  the  law 
charged  with  the  duty  of  inspecting  feeding-stuffs  in  person 
or  by  deputy,  holds  that  bran  to  be  pure  must  not  include  any- 
thing that  is  separated  from  the  wheat  in  preparing  it  for  the 
milling  process.  Some  wheat  as  marketed  contains  bits  of 
straw,  broken  weed  stems,  oats,  cheat  and  other  foreign  sub- 
stances that  must  be  removed  before  the  wheat  enters  the  rolls 
for  grinding.  All  such  screenings  must  be  excluded  if  the  bran 
is  to  be  classed  as  pure. 

The  shrunken  wheat  unfit  for  flour-making  and  also  re- 
moved in  this  preparatory  process  is  doubtless  of  equal  feedings 
value  with  the  bran,  and  its  presence  in  bran  is  not  econom- 
ically objectionable,  though  technically  an  impurity.  This 
shrunken  wheat  is  by  some  millers  ground  and  separated  into 
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a  coarse  part  and  a  fine  part,  the  former  being  put  into  the 
bran  and  the  latter  into  the  shorts.  Such  action  is  held  to  be 
legitimate,  but  this  should  not  be  taken  as  an  approval  of  the 
introduction  in  a  ground  state  of  the  other  light  materials  of 
little  feeding  value.  If  such  materials,  either  ground  or  un- 
ground,  are  marketed  with  the  bran  the  product  must  be  sold 
as  "bran  and  screenings,"  and  under  the  general  label  and 
guaranty  referred  to,  and  must  be  registered  with  the  director 
of  the  Experiment  Station. 

Some  millers  who  make  corn-meal  dispose  of  the  com  bran 
separated  in  that  process  by  mixing  it  with  the  wheat  bran. 
This  practice  is  not  legitimate,  and  if  followed  the  mixture 
must  be  designated  as  "wheat  bran  and  corn  bran"  and  be 
registered  and  labeled  as  described  above. 

Millers  can  adopt  and  maintain  a  high  standard  for  their 
bran,  and  put  out  a  product  in  which  they  can  take  pride,  only 
by  keeping  out  all  adulterations.  These  by-products  of  ques- 
tionable character  can  be  disposed  of  without  loss  by  making 
a  mixed  feed  with  which  they  may  be  incorporated,  which 
must  of  course  be  registered  with  the  director  of  the  Experi- 
ment Station  annually  and  carry  the  proper  label  and  guaranty. 
Purchasers  will  then  know  what  they  are  getting,  and  Kansas 
bran  will  be  of  a  uniformly  high  grade. 

Attention  may  also  be  drawn  to  the  fact  that  the  rulings 
above  stated  are  in  harmony  with  the  policy  of  the  federal  au- 
thorities in  respect  to  mill  products  entering  interstate  com- 
merce 

ADULTERATED  CORN  CHOP. 

Under  the  Kansas  feeding-stuffs  law  pure  corn  chop  is  not 
subject  to  registration  or  tagging,  but  is  subject  to  inspection 
in  respect  to  purity  and  weight  of  packages.  The  law  pro- 
vides that  all  weights  of  feeding-stuffs  shall  be  net ;  that  is,  a 
sack  of  com  chop  purporting  to  be  100  pounds  must  weigh 
enough  more  to  make  up  for  the  weight  of  the  sack.  Reason- 
able allowance  should  be  made  for  atmospheric  influences. 

Pure  com  chop  is  the  product  obtained  by  grinding  well- 
cleaned  shelled  com,  removing  nothing  therefrom  and  adding 
nothing  thereto.  Anything  resembling  corn  chop  but  not 
meeting  the  preceding  definition  must  be  treated  either  as  a 
mixed  feed  or  as  one  which  has  been  subjected  to  a  "process 
whereby  the  composition  of  the  original  material  is  altered. 
In  either  of  these  two  cases  the  product  must  be  registered 
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annually  with  the  director  of  the  Experiment  Station  and  be 
labeled  so  as  to  show  the  name  and  address  of  the  manufac- 
turer, the  true  nature  of  the  feed,  the  net  weight,  and  the  per- 
centage of  protein  and  of  fat  guaranteed. 

In  the  manufacture  of  corn-meal  the  corn  bran  is  removed 
by  bolting,  and  the  temptation  is  strong  upon  a  miller  to  put 
this  by-product  in  with  his  com  chop.  This  practice,  as  indi- 
cated above,  is  not  legitimate,  constituting  in  fact  a  serious 
adulteration.  Com  bran,  though  possessing  a  good  percentage 
of  fat  and  of  protein,  is  greatly  inferior  to  whole  com  in  its 
content  of  starch  and  has  a  high  per  cent,  of  fiber  which  is  of 
little  or  no  net  feeding  value.  If  a  manufacturer  wishes  to 
work  off  his  com  bran  with  corn  chop  he  must  plainly  tag  it 
as  "com  chop  and  com  bran"  and  sell  it  under  all  the  condi- 
tions applying  to  mixed  feeds. 

So,  too,  if  the  miller  after  grinding  com  removes  some,  of  the 
finest  and  best  parts  for  corn-meal  and  sells  the  remainder  as 
corn  chop  he  is  violating  the  law  unless  he  sells  it  under  a 
label  that  shows  its  true  nature,  and  has  complied  otherwise 
with  all  of  the  provisions  of  the  feeding-stuffs  law. 

Again,  com  chop  is  not  to  be  made  the  medium  through 
which  screenings  of  various  kinds  are  disposed  of,  neither  is 
it  to  include  rotten  corn,  corn-cobs  or  dirt.  There  is  no  ques- 
tion that  in  the  past  much  of  such  fraudulent  feed  has  been 
foisted  upon  the  public,  and  it  is  against  such  that  the  law 
operates. 

CONDIMENTAL  OR  MEDICINAL  STOCK  POODS. 

The  attention  of  druggists,  and  perhaps  others  who  do  not 
handle  ordinary  concentrated  feeding-stuffs,  is  especially  di- 
rected to  the  provision  of  the  law  in  respect  to  condimental  or 
medicinal  stock  foods.  Condimental  or  medicinal  stock  foods 
and  condimental  feeds  are  held  to  be  articles  containing  condi- 
mental or  medicinal  substances,  or  both  condimental  and  med- 
icinal substances,  the  product  being  recommended  and  sold  for 
use  with  the  ordinary  feed  of  animals  in  the  usual  condition  of 
health  with  the  object  of  increasing  the  production  of  milk 
or  eggs  or  increasing  the  growth  or  rate  of  fattening  of  ani- 
mals, or  of  otherwise  contributing  to  the  nutrition  of  animals. 
The  sale  of  any  article  agreeing  with  the  preceding  definition 
is  contrary  to  the  law  unless  the  same  has  been  properly  regis- 
tered with  the  director  of  the  Experiment  Station  and  is  la- 
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beled  in  accordance  with  the  law.  To  remove  all  uncertainty 
conceminsr  the  application  of  the  law  to  this  general  class  of 
goods  the  law  specifically  enumerates  a  great  variety  of  the 
names  under  which  they  are  sold.  Druggists  can  protect  them- 
selves only  by  refusing  to  handle  unregistered  condimental 
feeds.  There  is  an  abundant  variety  of  such  preparations  al- 
ready registered. 

There  is  little  doubt  that  large  quantities  of  condimental 
stock  foods  are  used  each  year  without  any  adequate  financial 
return  to  the  feeder.  Tests  made  by  several  experiment  sta- 
tions have  shown  that  with  animals  in  the  ordinary  condition 
of  health  there  is  little  or  no  difference  in  the  results  obtained 
in  feeding,  whether  condimental  stock  foods  are  used  in  addi- 
tion to  the  regular  ration  or  not.  Furthermore,  it  now  and 
then  comes  to  notice  that  farmers  are  defrauded  through  the 
purchase  of  materials  that  are  purely  medicinal  according  to 
the  claims  of  the  makers  but  the  use  of  which  is  no  real  ad- 
vantage. It  would  seem  to  be  the  part  of  wisdom  not  to  ad- 
minister medicines  or  medicinal  preparations  to  animals  in  a 
healthy  condition,  and  when  they  are  in  ill  health  to  secure 
competent  advice  and  treat  them  for  the  special  difficulty 
found  to  be  present. 

RESPONSIBILITY  OP  DEALERS. 

The  attention  of  dealers  in  feeds  subject  to  registration  and 
taxation,  who  are  not  manufacturers  of  them,  is  drawn  to  the 
fact  that  if  they  sell  such  feed  that  has  not  been  registered  and 
tagged  in  accordance  with  sections  4  and  5  of  the  law  they 
.  are  violating  the  law,  even  if  it  was  sold  them  by  a  manufac- 
turer in  this  state  who  had  neglected  to  tag  it.  Dealers  should 
refuse  to  accept  shipments  of  feed  not  properly  tagged,  unless 
they  are  willing  to  go  to  the  expense  of  registering  and  tagging 
it  themselves.  There  is  no  lack  of  registered  feed  on  the  mar- 
ket. A  dealer  who  hires  his  feed  prepared  for  him,  instead 
of  purchasing  it,  is,  before  the  law,  the  manufacturer  of  the 
feed,  and  it  is  his  duty  to  have  the  feed  registered  and  see  that 
it  is  properly  tagged  before  selling  it,  if  it  is  a  feed  requiring 
such  registration  and  tagging. 

It  is  human  nature  for  every  one  to  attempt  to  push  respon- 
sibility for  wrong-doing  back  upon  some  one  else,  but  in  the 
case  of  a  sale  of  feeding-stuffs  it  cannot  be  too  strongly  in- 
sisted that  each  one  who  makes  a  sale  in  which  the  require- 
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ments  of  the  law  have  not  been  fully  complied  with  is  guilty  of 
its  violation,  regardless  of  the  number  of  times  that  the  law 
may  have  been  violated  by  others  in  preceding  sales  of  the- 
same  feed.  Violations  of  the  law  by  another  are  no  excuse  for 
any  one.  Dealers  and  consumers  alike  are  invited  to  bring  to 
the  attention  of  the  Experiment  Station  officers  any  transac- 
tions or  conditions  that  indicate  violation  of  the  law,  and  they 
will  be  investigated  and  action  taken  in  accordance  with  the 
fundamental  principle  that  the  object  of  the  law  is  to  protect 
consumers  and  honest  dealers  and  manufacturers  from  the 
impositions  and  unfair  competition  of  the  unscrupulous. 

SUMMARY. 

The  Bulletin  begins  with  a  summary  of  the  history  of  the 
feeding-stuffs  law  and  its  administration,  followed  by  the 
amended  law  in  full. 

The  inspection  work  and  analyses  made  under  the  amended 
law  then  follow.  The  analyses  of  inspection  samples  show  that 
in  general  the  feeds  were  fairly  up  to  the  guaranties.  The  most 
of  the  deficiencies  were  with  corn  chop,  upon  which  a  guaranty 
is  no  longer  required. 

The  analyses  of  registration  samples  present  an  interesting 
and  valuable  compilation  of  data  concerning  Kansas  feeds. 
These  are  given  some  general  study  in  reference  to  the  region 
of  the  state  in  which  the  feed  was  produced.  From  this  it  ap- 
pears that  the  protein  content  tends  to  become  higher  the 
farther  west  the  feed  originates. 

The  remainder  of  the  Bulletin  is  devoted  to  an  exposition 
and  explanation  of  the  requirements  of  the  law  and  to  rulings 
made  under  it. 
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Chemistry  Department 

J.  T.  WILLARD,  D.  Sc.  Chemist. 

R.  H.  SHAW.  B.  S..  Assistant  ChMnist. 


Analyses  of  Eggs. 

In  the  summer  of  1905  the  Animal  Husbandry  Department^ 
under  which  at  that  time  the  poultry  experiments  were  con- 
ducted, had  in  progress  a  test  of  the  egg-producing  capacity  of 
representative  hens  from  six  pure  breeds  of  chickens.  This 
situation  afforded  a  favorable  opportunity  for  making  some 
investigations  concerning  the  physical  and  chemical  character- 
istics of  the  eggs.  The  plans  for  these  were  chiefly  the  out- 
growth of  consultation  between  Professor  Erf  and  Mr.  Shaw. 
At  that  time  it  was  expected  that  a  bulletin  would  be  issued 
concerning  the  egg-laying  test  in  all  its  details,  and  it  was 
planned  to  publish  the  chemical  results  as  a  part  of  this  Bul- 
letin. The  publication  of  the  data  concerning  the  feeding  and 
egg-production  has  been  abandoned  excepting  in  so  far  as  it 
has  already  been  given  in  press  bulletins.  The  chemical  in- 
vestigations have  involved  the  expenditure  of  a  large  amount 
of  time,  and  though  less  interesting  without  the  matter  which 
it  had  been  expected  would  accompany  them  the  results  are 
presented  in  detail  in  this  Bulletin. 

Though  seven  breeds  of  chickens  were  on  trial  in  respect 
to  egg-production,  only  four  were  used  in  the  chemical  tests. 
These  were  American  Reds  owned  by  J.  Martin,  Wichita,  Kan. ; 
Barred  Plymouth  Rocks  owned  by  Mrs.  J.  W.  Jones,  Abilene, 
Kan. ;  Single  Comb  White  Leghorns  owned  by  the  Agricultural 
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College,  and  White  Wyandottes  owned  by  Beecher  &  Beecher, 
Belleville,  Kan.  The  Plymouth  Rocks  were  hens,  while  the 
other  breeds  were  pullets,  of  which  the  American  Reds  were 
the  best  matured  at  the  beginning  of  the  test,  November  1, 

1904.  As  the  eggs  for  analysis  were  collected  in  June  and  July, 

1905,  all  were  well  matured  by  that  time.  All  of  the  eggs  were 
laid  within  the  six  weeks  between  June  18  and  July  31,  1905. 

Measurements  were  made  of  both  diameters  of  each  egg,  and 
of  the  thickness  and  strength  of  the  shell.  The  diameters  were 
measured  to  tenths  of  millimeters  by  means  of  calipers,  and  the 
thickness  of  the  shell  was  measured  to  ten-thousandths  of  an 
inch  by  a  micrometer  caliper.  The  shell  was  measured  in  three 
places,  usually  the  two  ends  and  a  side,  and  the  average  of  the 
three  taken.  The  strength  of  the  shell  was  ascertained  in  terms 
of  the  weight  necessary  to  perforate  it,  which  was  ascertained 
by  a  specially  devised  machine.  The  weight  of  each  egg  was 
taken,  and  also  of  the  white,  yolk  and  shell  separately,  from 
which  the  percentages  of  these  three  parts  were  calculated. 

The  analyses  that  were  made  of  each  egg  were  limited  to  de- 
terminations of  water  in  the  white,  and  of  water,  ether  extract 
and  ash  in  the  yolk.  The  total  solids  of  the  white  were  taken 
to  be  protein,  the  percentage  of  other  constituents  being  ex- 
tremely small,  and  the  protein  of  the  yolk  was  also  calculated 
by  difference.  All  of  the  eggs  laid  within  the  six  weeks  were 
thus  measured  and  analyzed.  From  the  analytical  results  thus 
obtained  with  the  white  and  yolk  separately,  the  percentages 
of  protein,  fat  and  water  in  the  whole  egg  were  calculated. 

In  addition  to  the  analyses  above  indicated,  determinations 
of  phosphorus  were  made  in  composite  samples  taken  from  the 
yolks  of  the  egg  laid  by  each  hen  for  each  of  the  six  weeks ; 
that  is,  with  each  hen  the  eggs  laid  for  one  week  were  sampled 
for  a  composite  sample  in  which  phosphorus  was  determined, 
and  the  eggs  laid  the  next  week  were  similarly  sampled  for 
another  determination,  etc.  In  some  cases  no  eggs  would  be 
laid  within  a  week,  and  hence  there  was  no  sample. 

In  the  first  forty-nine  analyses  the  weight  of  the  egg  after 
boiling  was  taken  as  the  basis  upon  which  the  percentages  of 
white  and  of  yolk  were  calculated,  and  the  weight  of  the  shell 
was  not  taken.  In  the  remainder  of  the  analyses  the  shell, 
white  and  yolk  of  each  egg  were  weighed  separately  and  their 
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sum  taken  as  the  weight  of  the  egg  upon  which  calculations 
arc  based.  As  samples  dried  somewhat  during  weighing  the 
weight  of  the  cooked  egg  was  slightly  greater  than  that  of  the 
sum  of  the  observed  weights  of  the  three  parts. 

The  estimation  of  ash  in  the  yolk  was  made  by  igniting  the 
drv  substance  in  a  flat  porcelain  dish  in  a  muffle-furnace. 

The  ether  extract  was  obtained  by  extracting  the  perfectly 
dry  yolk  with  anhydrous  ether.  While  consisting  chiefly  of 
fai,  it  also  included  lecithin. 

At  this  point  it  may  be  stated  that  Mr.  Shaw  resigned  his 
petition  with  this  Experiment  Station  and  went  to  the  Ne- 
braska Station  January  1,  1906,  a  large  proportion  of  the  an- 
alyses of  the  eggs  being  yet  uncompleted.  By  the  courtesy  of 
thj  Nebraska  Experiment  Station  arrangements  were  made 
by  wliich  a  large  number  of  determinations  of  ether  extract 
w-^M^made  in  its  chemical  laboratory  for  us  by  Miss  Stella 
Hartzell,  under  the  supervision  of  Mr.  Shaw,  and  grateful  ac- 
knowledgment for  this  courtesy  is  hereby  made. 

The  following  tables  show  the  details  of  the  results  upon  each 
egg.  It  will  be  impossible  to  discuss  all  of  these  observations, 
and  they  are  presented  here  in  this  extended  way  in  order  that 
students  of  the  subject  may  be  able  to  utilize  the  data  in  full  in 
respect  to  any  questions  upon  which  they  have  application. 
Following  the  detailed  tables  are  some  general  comments  upon 
the  results,  also  a  table  of  averages. 
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The  preceding  tables  afford  data  for  much  study,  though 
perhaps  generalizations  cannot  be  arrived  at  as  rapidly  as 
might  be  expected.  For  example,  in  respect  to  the  weights  of 
the  eggs,  study  of  the  tables  shows  that  a  hen  may  be  credited 
with  an  egg  each  day  for  several  days  and  then  a  day  is 
skipped,  or  perhaps  more  than  one  day.  In  many  instances 
it  may  be  seen  that  during  the  time  that  the  eggs  are  laid  daily 
the  weight  becomes  constantly  smaller,  then  after  a  day  or 
two  of  rest  the  eggs  produced  are  again  larger.  This  succes- 
sion of  variations  in  the  weight  is  illustrated  very  well  by  the 
Single  Comb  White  Leghorns  Nos.  21  and  51.  For  example, 
with  No.  51,  beginning  with  June  18  the  egg  weights  in  ounces 
for  four  days  were  1.91,  1.94,  1.89  and  1.76;  June  22  no  egg 
was  laid,  and  the  next  four  days  the  weights  were  1.82,  1.77, 
1.75  and  1.88;  no  egg  was  laid  June  27,  and  the  next  three 
days  the  weights  were  1.86,  1.79  and  1.70;  no  egg  was  laid 
July  1,  and  the  weights  for  the  next  three  days  were  1.81,  1.78 
and  1.78;  July  5  was  skipped,  and  on  the  6th  and  7th  the 
weights  were  1.94  and  1.97 ;  none  was  laid  on  the  8th,  and  the 
weights  for  the  9th  and  10th  were  1.85  and  1.80 ;  on  the  11th 
none  was  laid,  and  the  weights  for  the  next  four  days  were 
1.93,  1.86,  1.88  and  1.77 ;  two  days  were  then  skipped,  and  the 
weights  for  the  next  four  days  were  1.94,  1.79,  1.74  and  1.62 ; 
July  22  no  egg  was  laid,  and  the  next  three  days  the  weights 
were  1.88,  1.77  and  1.71 ;  no  egg  was  laid  on  the  26th,  and  the 
weights  for  the  next  three  days  were  1.88,  1.82  and  1.90.  It 
will  be  seen  that  there  are  here  several  striking  series  of  the 
kind  indicated,  in  which  a  day  with  no  egg  followed  a  con- 
tinued diminution  in  the  size  and  preceded  a  series  beginning 
with  an  increased  weight.  On  the  other  hand,  there  are  several 
exceptions  to  the  regularity  of  change.  Such  studies  as  these 
are  possible  only  where  the  hens  are  laying  nearly  every  day. 
The  Single  Comb  White  Leghorn  No.  21  affords  similar  illus- 
trations, but  numerous  examples  may  be  found  in  the  tables 
in  which  this  regularity  is  not  exhibited.  On  the  whole,  how- 
ever, a  tendency  in  this  direction  must  be  conceded. 

In  respect  to  the  thickness  of  shell  no  great  variations  are 
displayed,  though,  as  would  be  expected,  some  differences  are 
observable,  which  in  the  case  of  extremes  amounts  to  about 
20  per  cent.    Thus  the  White  Wyandotte  BIB  shows  an  aver- 
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age  thickness  of  .012  inches,  while  the  White  Leghorn  No.  21 
lot  gave  the  average  thickness  of  the  shells  as  .015  inches.  The 
averages  for  the  breeds,  as  shown  in  a  later  table,  show  dif- 
ferences that  are  practically  negligible. 

Closely  connected  with  thickness  of  shell  is  the  factor  of 
weight  necessary  to  perforate  the  shell,  and  as  would  be  ex- 
pected the  thinner  shells  are  on  the  average  shown  to  be  per- 
forated by  less  weights.  If  the  data  for  individual  eggs  be 
examined,  however,  it  will  be  found  that  there  are  many  cases 
of  discrepancy.  This  is  doubtless  due  to  the  obvious  diflBcul- 
ties  in  getting  correct  results,  especially  as  only  one  point  in 
the. shell  can  be  tested  with  reference  to  perforation.  For 
these  numbers  we  must  depend  on  averages  altogether,  such 
as  are  shown  in  a  table  on  a  later  page. 

Leaving  then  the  consideration  of  tables  concerning  indi- 
vidual eggs  for  study  by  the  reader  with  reference  to  any 
points  in  which  he  is  interested  upon  which  data  are  recorded, 
attention  may  be  directed  to  the  table  of  averages  for  each 
hen,  each  breed,  and  the  four  breeds.  But  little  can  be  done 
in  the  way  of  summarizing  so  condensed  a  statement  as  the 
table  presents,  but  it  will  be  seen  that  the  different  breeds  do 
not  on  the  average  show  any  very  marked  differences,  and 
even  the  averages  for  the  individual  hens  are  strikingly  near 
the  general  averages  for  the  four  breeds  as  a  rule.  Perhaps  as 
important  a  difference  as  any  is  shown  in  the  percentage  of 
ether  extract  in  the  yolk,  running  from  31.8  in  the  Single 
Comb  White  Leghorns  to  82.87  in  the  American  Reds.  The 
percentages  of  protein  in  the  yolk  show  a  corresponding  va- 
riation, ranging  from  17.88  with  the  Leghorns  to  17.18  in  the 
American  Reds. 
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DETERMINATIONS  OF  PHOSPHORUS  IN  YOLKS. 

In  the  four  accompanying  tables  are  exhibited  the  results  of 
determinations  of  phosphorus  in  composite  samples  from  the 
yolks  of  eggs  laid  within  each  of  the  weeks  of  the  experiment. 
Where  no  results  are  shown  no  eggs  were  laid  within  that 
week  by  that  hen.  The  results  are  expressed  in  terms  of  phos- 
phoric acid,  PjOe.  In  the  determinations  one  gram  of  the  air- 
dry  yolk  was  digested  in  a  Kjeldahl  flask  with  potassium  sul- 
fate and  concentrated  sulfuric  acid,  as  for  the  determination 
of  nitrogen.  The  product  was  diluted  with  100  cubic  centi- 
meters of  water  and  boiled  again.  This  solution  was  made  up 
to  250  cubic  centimeters  in  a  volumetric  flask  and  100  cubic 
centimeter  portions  used  in  making  the  duplicate  analyses.  The 
phosphoric  acid  was  precipitated  by  a  molybdic  solution  ac- 
cording to  the  official  methods,  and  this  precipitate  was  dis- 
solved and  the  phosphoric  acid  determined  as  magnesium  pyro- 
phosphate in  the  usual  manner. 

The  per  cent,  of  ash  was  also  determined  in  one  gram  of  the 
air-dry  sample.  The  results  in  the  cases  of  both  ash  and  phos- 
phoric acid  are  calculated  to  the  original  substance.  Study 
of  the  results  shows  considerable  variations  in  the  ratio  of 
phosphoric  acid  to  ash  in  individual  composite  samples,  but 
the  differences  are  much  less  for  the  average  results  of  the 
different  hens.  For  the  four  breeds  the  averages  are:  Amer- 
ican Red,  1  of  phosphoric  acid  to  1.09  of  ash  in  the  yolk;  Pljon- 
outh  Rock,  1 :  1.11 ;  White  Leghorn,  1 : 1.09;  White  Wyandotte, 
1 : 1.08.  The  average  of  these  four  practically  identical  re- 
sults is  1 : 1.093.  It  is  evident  that  the  ash  consists  almost 
entirely  of  phosphoric  acid.  This  is  doubtless  produced  al- 
most entirely,  if  not  altogether,  from  the  lecithin  of  the  egg 
yolk.  It  is  proper  to  mention  in  this  connection  that  all  of  the 
determinations  of  phosphoric  acid  and  ash  were  made  by  Miss 
Gertrude  Hole,  a  graduate  student  in  the  department. 
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AMERICAN  RED. 


Hbn. 

Date  limits. 

i 

AimfrifiM  R«d  No  8 

June  18  to  June  26 

June  26  to  July    2 

July    2  to  July    9 

July    »toJuly  16 

July  16  to  July  28 

July  28  to  July  80 

1.68 
1.62 
1.58 
1.61 
1.64 
1.64 

1.50 
1.46 
1.50 
1.42 
1.46 
1.48 

1 '  1  05 

1 '  1  04 

••              •• 

1- 1  02 

••              •• 

1  •  1  18 

••              •• 

1  -1  12 

t  •              •* 

1- 1  10 

1.69 

1.47 

1  *1  06 

June  18  to  June  26 

June26toJuly    2 

July    2  to  July    9 

July    9  to  July  16 

AriMrinn  Itod  Na  6 

1.66 
1.60 
1.41 

1.64 
1.07 
1.82 

1  '1  07 

1*  1  40 

t«              f  • 

1  *1  06 

«•              t« 

f  •              •« 

July  16  to  July  28 

July  28toJuly  80 

1.74 
1.68 

1.40 
1.52 

1 '  1  24 

«•              << 

1  ■  1  10 

Awngvm , 

1.60 

1.87 

1  •!  17 

June  18  to  June  26 

June  26  to  July    2 

July    2  to  July    9 

July    9  to  July  16 

July  16toJuly  28 

July  28toJuly  80 

AiiHnican  R«4  No.  214 

1.47 
1.48 
1.50 
1.50 
1.58 
1.66 

1.88 
1.88 
1.89 
1.86 
1.41 
1.40 

1  '1  16 

1  *  1  06 

« t              <* 

1 '  1  06 

•  •              *  t 

1  •  1  11 

••              *• 

1  *  1  06 

t*              « t 

1'  1  19 

Av«r«c«8 

1.52 

1.88 

1  •!  10 

June  18  to  June  25 

June26toJuly    2 

July    2  to  July    9 

July    9  to  July  16 

American  Bed  Na  218 

1.66 
1.45 
1.54 

1.57 
1.81 
1.47 

1:1.05 
1  "1  10 

t  •              1 1 

1:1.04 

••              •• 

•  •              f  f 

July  16  to  July  28 

July  28toJuly  80 

1.57 
1.64 

1.45 

1.50 

1 '  1  08 

«•              •« 

1  *  1  09 

AvenivM ., 

1.57 

1.46 

1  •  1  07 

Ju"e  18  to  Jure  26 

June  25  to  July     2 

July    2  to  July     9  .... 
J<ily    9  to  July  ]H 

American  Red  Na  840 

1.57 
1.48 
1.45 

1.61 
1.89 
1.38 

1*1  04 

1  *  1  06 

( t              t« 

1 '  1  06 

t«              <  < 

•*              ** 

July  16  to  July  23 

July  28  to  July  80 

1.67 
1.65 

1.49 
1.49 

1*  1  12 

•  «              (« 

1  *  1  10 

Averaces 

1.56 
1.67 

1.45 

1: 1  08 



1.48 

1:1.09 
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PLYMOUTH  ROCK. 


Hen. 

Date  limits. 

if 

Iff 

III 

S.SS- 

f? 

Plvmouth  Rock  Na  7 

Jane  18  to  June  25 

June  26  to  July    2.. 

July    2  to  July    9 

July    9  to  July  16 

1.66 
1.47 
1.47 

1.29 
1.86 
1.80 

1:1.20 

1:1.09 

<«               <• 

1:1.13 

<•               *t 

<«                                     •! 

July  16  1o  July  28 

July  28  to  July  80 

1.40 
1.68 

1.26 
1.34 

1:1.11 

t  <               •• 

1:1.21 

1.60 

1.81 

1:1.14 

Plvmouth  Rock  No  10 

Juna  18  to  June  26 

June  26  to  July    2 

July    2  to  July    9 

July    9  to  July  16 

July  WtoJuly  28 

July  28  to  July  80 

1.68 
1.68 
1.40 
1.47 
1.47 

1.40 
1.88 
1.87 
1.84 
1.27 

1:1.12 

1:1.14 

•  «                «< 

1:1.06 

•  t                «t 

1:1.09 

««                •• 

1:1.16 

««                t< 

Averaffos 

1.48 

1.84 

1:1. U 

Plvmouth  Rock  No  46 

Jane  18  to  June  26 

June  26  to  July    2 

July    2toJuly    9 

July    9toJuly  16 

July  WtoJuly  28 

July  28  to  July  80 

1.64 
1.66 
1.61 
1.66 
1.66 
1.66 

1.44 
1.48 
1.38 
1.41 
1.48 
1.88 

1:1.07 

1:1.06 

««                •• 

1:1.09 

««                ** 

1:1.10 

**                i« 

1:1.0B 

tt                •« 

1:1.17 

Averages 

1.64 

1.40 

1:1.10 

Plvmouth  Rock  No.  0T. « 

Jane  18  to  June  26 

June  26  to  July    2 

July    2  to  July    9 

Julv    9  to  July  16 

1.66 
1.66 
1.66 

1.41 
1.61 
1.47 

1:1.10 

1:1.17 

tt               tt 

1:1.06 

t«               tt 

tt               tt           

July  16  to  July  28 

Jaly  28toJaly  80 

1.68 
1.64 

1.88 
1.88 

1:1.10 

••               ••            

1:1.2S 

1.67 

1.42 

1:1.10 

Plvmmifth  RacV  No.  70               

June  18  to  June  25 

June26toJaly    2 

July    2  to  July    9 

July    9toJuly  16 

July  16  to  July  28 

Jnlv  28  to  July  80 

1.66 
1.62 
1.61 
1.61 

1.40 
1.82 
1.88 
1.41 

1:1.11 

tt                  tt 

1:1.16 

tt                  tt 

1:1.18 

tt                  tt 

1:1.14 

tt                  tt 

1.66 

1.86 

1:1.13 

Plvmouth  Rock  No.  98 

June  18  to  June  26 

June  26  to  July    2 

July    2  to  July    9 

July    9  to  July  16. 

1.62 
1.49 
1.64 

1.46 
1.89 
1.89 

1:1.04 

1:1.07 

tt               tt 

1:1.10 

tt               tt 

•  t               ti 

July  16  to  July  28 

July  28toJuly  80 

1.68 
1.68 

1.62 
1.46 

1:1.10 

tt               «t 

1:1.16 

1.68 

1.44 

1:1.09 

AveraffM  of  breed 

1.64 

1.88 

1:1.11 

Digitized  by  VjOOQIC 


Mar.  1909J 


Analyses  of  Eggs. 


175 


WHITE  LEGHORN. 


Hbm. 


Date  limits. 


Iff 

SrKS 
:  ?^ 


White  Leghorn  Na  8. 


White  Leshorn  No.  7. 


Avwg— 

White  Lccfaoni  Na  19. 


White  Leshorn  No.  21. 


Artnmm , 

White  Leshorn  Na  60. 


White  Leghorn  Na  51. 


of 


June  18  to  Jnne  25. 
Juno  25  to  July  2. 
July  2  to  July  9. 
July  9  to  July  16. 
July  16  to  July  28. 
July  28  to  July  80. 


June  18  to  June  25.. 
June  25  to  July  2.< 
July  2  to  July  9., 
July  9  to  July  16., 
July  16  to  July  28., 
July  28  to  July  80., 


JunelS  to  June28. 
June  28  to  July  2. 
July  2  to  July  9. 
July  9  to  July  16. 
July  16  to  July  28. 
July  28  to  July  80. 


June  21  to  June  28. 
June  28  to  July  5. 
July  6  to  July  12. 
July  12  to  July  19. 
July  19  to  July  26. 
July  26  to  Auff.   2. 


June  18  to  June  25. , 
June  25  to  July  2., 
July  2  to  July  9., 
July  9  to  July  16. 
July  16  to  July  28. 
July  28  to  July  80. 


Junel8  to  June25.. 
June  25  to  July  2., 
July  2  to  July  9.. 
July  9  to  July  16., 
July  16  to  July  28.. 
July  28  to  July  80. 


1.52 
1.50 
1.58 
1.60 
1.61 
1.64 


1.67 


1.62 
1.59 
1.60 
1.58 
1.62 
1.69 


1.68 


1.46 
1.60 
1.49 
1.46 
1.46 
1.64 


1.50 


1.56 
1.60 
1.48 
1.66 
1.62 
1.75 


1.60 


1.48 
1.48 
1.62 
1.48 


1.49 


1.61 
1.64 
1.66 
1.55 
1.58 
1.65 


1.58 


1.82 
1.46 
1.89 
1.42 
1.41 
1.87 


1.4 


1.48 
1.48 
1.48 
1.46 
1.49 
1.88 


1.46 


l.lt 
1.87 
1.44 
1.41 
1.89 
1.42 


1.89 


1.42 
1.41 
1.44 
1.62 
1.40 
1.44 


1.60 


1.41 
1.40 
1.89 
1.44 


1.41 


1.81 
1.48 
1.42 
1.47 
1.41 
1.89 


1.41 


1.56 


1.48 


1:1.14 
1:1.08 
1:1.10 
1:1.18 
1:1.14 
1:1.20 


1:1.12 


1:1.00 
1:1.07 
1:1.06 
l:1.0flt 
1:1.02 
1:1.22 


1:1.09 


1:1. U 
1:1.10 
1:1.08 
1:1.08 
1:1.06 
1:1.16 


1:1.08 


1:1.09 
1:1.06 
1:1.06 
1:1  09 
1:1.16 
1:1.21 


1:1.10 


1:1.06 
1:1.06 
1:1.09 
1:1.08 


1:1.06 


1.15 
1.11 
1.09 
1.05 
1.12 


1:1.18 


1:1  12 


1:1  09 
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WHITE  WYANDOTTE. 


Hkn. 


Date  limits. 


m 


4 


White  Wyukdotte  No.  4A4. 


Averages. 


White  Wyandotte  Na  BIB . 


Ayerases. 


White  Wyandotte  No.  4C9. 


Averages. 


White  Wyandotte  No.  4A7. 


Averages. 


White  Wyandotte  No.  4C11 . 


Averages . 


VOiite  Wyandotte  No.  4C12 


Averages 

Averages  of  breed . 


Jane  18  to  June  25. 
Jone25toJaly  2. 
Joly  2toJoly  9. 
July  9  to  July  16. 
July  16  to  July  28. 
July  28  to  July  90. 


June  18  to  June  26. 
June  25  to  July  2. 
July  2  to  July  9. 
July  9  to  July  16. 
July  16  to  July  28. 
July  28  to  July  30. 


June  21  to  June  28. 
June  28  to  July  5. 
July  5  to  July  12. 
July  12  to  July  19. 
July  19  to  July  26. 
July  26  to  Aug.   2. 


June  18  to  June  26. 
June  26  to  July  2. 
July  2  to  July  9. 
July  9  to  July  16. 
July  16  to  July  28. 
July  28  to  July  80. 


June  18  to  June  26. 
June  25  to  July  2. 
July  2  to  July  9. 
July  9  to  July  16. 
July  16  to  July  23 
July  23  to  July  80. 


June  18  to  June  25. 
June  25  to  July  2. 
July  2  to  July  9. 
July  9  to  July  16. 
July  16  to  July  23 
July  23  to  July  30. 


1.64 
1.51 
1.56 


1.68 


1.64 
1.62 
1.50 
1.61 
1.67 
1.68 

i.ea 


1.67 
1.52 


1.68 
1.62 


1.87 


1.61 
1.48 
1.48 
1.48 


1.68 
1.61 


1.62 
1.47 
1.47 


1.49 


1.50 
1.69 
1.44 
1.58 
1.63 

1.55 

1.54 


1.44 
1.46 
1.44 


1.45 


1.58 
1.86 
1.4S 
1.40 
1.4S 
1.47 

1.44 


1.4» 
1.89 


1.42 
1.48 


1.46 


1.41 
1.89 
1.89 
1.41 


1.40 
1.40 


1.48 
1.40 
1.46 


1.44 


1.12 
1.41 
1.41 
1.42 
1.36 

1.84 

1.42 


1:1.0? 
1:1.08 
1:1.06 


1:1.06 


l:1.0i 
1:1.12 
1:1.06 
1:1.15 
1:1.18 
1:1.14 

1:1.U 


1:1.0 
1:1.0 


1:1.11 
1:1.09 


1:1.08 


1:1.07 
1:1.06 
1:1.06 
1:1.06 


1:1.16 
1:1.06 


1:1.02 
1:1.06 
1:1.01 


1:1.08 


1:1.83 
1:1.12 
1:1.02 
1:1.U 
1:1.19 

1:115 

1:1.08 
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SUMMARY. 

This  Bulletin  contains  the  detailed  results  of  the  analyses 
of  all  the  eggs  laid  by  six  pure  breeds  of  chickens  within  the 
six  weeks  from  June  18  to  July  31,  1905.  The  weights  were 
also  taken  as  well  as  the  measurements  of  both  diameters  of 
the  egg,  the  thickness  of  the  shell,  and  its  breaking  strength. 
Considerable  variations  are  shown  among  the  eggs  laid  by  in- 
dividual birds,  but  the  averages  in  respect  to  composition  are 
strikingly  similar.  Determinations  of  phosphorus  were  made 
in  composite  samples  from  the  yolks  of  eggs  laid  within  each 
of  the  weeks  of  the  experiment.  The  ratio  of  the  phosphoric 
acid,  PjOb,  to  ash  showed  considerable  variation  in  individual 
composite  samples,  but  on  the  average  the  results  were  almost 
identical  for  the  four  breeds,  the  ratio  being  1 : 1.093. 
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THE  FOLLOWING  BULLETINS  ARE  AVAILABLE  FOR 
DISTRIBUTION. 

No.    12 Preliminary  Experiments  with  Fungicides  for  Stinking  Smut 

of  Wheat. 

No.   15. . .  .Additional  Experiments  and  Observations  on  Oat  Smut. 

No.    17 Crossed  Varieties  of  Com,  Second  and  Third  Years. 

No.   38 Preliminary  Report  on  Rusts  of  Grain. 

No.   46 Rusts  of  Grain,  II. 

No.    62 Kansas  Weeds — Preliminary  Circular  on  Distribution. 

No.   54 Experiments  with  Oats. 

No.  117 Bacteria  of  the  Soil. 

No.  120 Tests  of  Forest  Trees. 

No.  121 ....  Treatment  and  Utilization  of  Flood-damaged  Lands. 

No.  122 Blackleg  and  Vaccination. 

No.  123 Crop  Experiments  in  1903. 

No.  129 Kansas  Mammals  in  their  Relation  to  Agriculture. 

No.  130 Steer  Feeding  Experiment,  VII— 1903-'04. 

No.  135 Grading  Cream. 

No.  136 Press  Bulletins  Nos.  125-161. 

No.  137 Variations  in  the  Test  of  Separator  Cream. 

No.  138. . .  .Effect  of  Bacteria  in  Wash-water  of  Butter. 

No.  139 The  Study  of  Com. 

No.  140 Milking  Machines. 

No.  141 Commercial  Seeds  of  Brome-grass,  and  of  English  and  Ken- 
tucky Blue-grasses:  Adulterants  and  Substitutes  and  their 
Detection. 

No.  142 The  Value  of  Oil  in  Road  Improvement. 

No.  143 Disposal  of  Dairy  and  Farm  Sewage,  and  Water  Supply. 

No.  144 Small-grain  Crops. 

No.  145 Spraying. 

No.  146 Kansas  Law  Regulating  the  Sale  of  Concentrated  Feeding 

Stuffs. 

No.  148 Law  Regulating  the  Sale  of  Commercial  Fertilizers. 

No.  149 Prevention  of  Sorghmn  and  Kafir-corn  Smut. 

No.  150 The  Hen's  Place  on  the  Fann. 

No.  151 Alfalfa  Breeding. 

No.  152 The  Pocket  Gopher. 

No.  153 Deterioration  of  Red  Texas  Oats  in  Kansas. 

No.  154 The  Mound-building  Prairie  Ant. 

No.  155....  Alfalfa. 

No.  156 The  Yellow  Berry  Problem  in  Kansas  Hard  Winter  Wheat 

No.  157 Studies  on  Hog  Cholera  and  Preventive  Treatment. 

No.  158 Analyses  of  Registered  Feeding-stuffs. 


The  BvMetins  of  the  Experiment  Station  are  sent  free  to 
applicants.  Farmers  are  invited  to  send  the  names  of  others 
who  wotdd  value  them  and  samples  wiU  he  sent,  with  return 
cards  upon  which  applications  for  future  issues  may  be  made. 
Address:  Director  Experiment  Station, 

^  Manhattan,  Kan. 
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BY 
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Kansas  State  Agricultural  College 
Experiment  Station. 

AGRONOMY  DEPARTMENT. 

ALBERT  M.  TENEYCK Agronomist  in  Charge. 

LELAND  E.  CALL Assistant  in  Soils. 

EDWIN  G.  SCHAFER Assistant  in  Crops. 

C.  S.  KNIGHT Assistant  in  Farm  Machinery. 

FLOYD  HOWARD Farm  Foreman. 


Work  of.  the  Agronomy  Dei>artment 

There  are  five  general  lines  of  work  in  progress  in  the  Agronomy  De- 
partment of  the  Experiment  Station,  besides  special  lines  of  investigation 
that  are  taken  up  from  time  to  time.  These  general  lines  are:  (1)  Va- 
riety testing  and  improvement  by  selection  of  all  farm  crops;  (2)  plant- 
ing and  cultural  tests  to  determine  the  best  time  and  method  of  planting 
and  best  methods  of  preparing  the  soil  and  cultivation;  (3)  soil-fertility 
experiments,  including  physical  investigation  of  the  soil;  (4)  harvesting, 
curing  and  storing  all  kinds  of  farm  crops;  (5)  investigations  of  the  va- 
rious lines  and  kinds  of  farm  machinery. 

Bulletins  are  issued  from  time  to  time  on  these  subjects,  which,  with 
bulletins  from  other  departments  of  the  Station,  may  be  obtained,  free  of 
charge,  by  addressing  the  Director,  Experiment  Station,  Manhattan,  Kan. 


Other  DeiMirtments  of  the  Station  Are— 

ANIMAL  HUSBANDRY   Roland  J.  Kinzer  in  charge. 

BOTANY Herbert  F.  Roberts  in  charge. 

BACTERIOLOGY  Walter  E.  King  in  charge. 

CHEMISTRY  Julius  T.  Willard  in  charge. 

DAIRY  HUSBANDRY  John  C.  Kendall  in  charge. 

ENTOMOLOGY Thomas  J.  Headlee  in  charge. 

HORTICULTURE Albert  Dickens  in  charge. 

VETERINARY  SCIENCE  Francis  S.  Schoenleber  in  charge. 
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COW-PEAS. 


INTRODUCTION. 

The  cow-pea,  botanically  named  Vigna  unguiciUata,  has  long 
been  recognized  as  a  valuable  crop  for  the  Southern  states, 
where  it  has  been  extensively  grown  for  forage  and  green 
manuring,  but  it  has  only  been  within  comparatively  recent 
years  that  the  general  cultivation  of  this  crop  has  extended 
into  the  Northern  states.  The  cow-pea  is  a  native  of  India,  and 
it  is  supposed  to  have  been  introduced  into  this  country  from 
England  in  1734  by  the  Oglethorpe  colonies  in  Georgia.  The 
cow-pea  is  an  annual  leguminous  plant,  varying  in  form  and 
habit  of  growth  with  the  variety,  season,  soil,  moisture  and 
cultural  conditions.  As  a  rule,  it  has  a  trailing  habit  of 
growth,  vining  profusely  during  seasons  of  heavy  rainfall. 
The  blossoms  are  of  various  colors,  ranging  from  white  to 
purple,  while  the  pods  are  usually  straw-colored  when  ripe 
and  vary  in  length  from  five  inches  to  over  a  foot.  As  a  rule, 
the  pods  do  not  ripen  at  the  same  time.  With  many  varieties 
there  are  periods  of  several  weeks  when  all  stages  of  growth,, 
from  blossoms  to  mature  peas,  may  be  found  upon  the  same 
vine.  This  makes  the  time  of  cutting  for  seed  a  difficult  matter 
to  judge.  The  time  must  be  selected  for  cutting  when  the 
largest  number  of  pods  are  mature  and  before  the  peas  have 
started  to  shell.  The  seeds  vary  greatly  in  size  and  shape.  In 
color  they  range  from  white  to  the  deepest  black.  The  root 
development  is  deep  for  an  annual,  there  being  a  well-developed 
tap-root,  with  a  number  of  large  branch  roots  which  start 
from  the  upper  part  of  the  tap-root,  spread  horizontally  for 
a  short  distance  and  then  turn  downward.  These  roots  go 
deeply  into  the  subsoil,  enabling  the  plant  to  draw  freely  upon 
the  plant-food  and  water  below  the  reach  of  shallower-rooted 
crops.  Upon  the  numerous  small  roots  in  the  upper  surface 
of  the  soil  are  found  the  nodules  or  tubercles  which  contain 
the  nitrogen-gathering  bacteria.  These  nodules  are  always 
present  upon  the  well-developed  plants.  They  enable  the  plants 
to  make  use  of  the  nitrogen  of  the  atmosphere.   (Plate  X.) 

(179) 
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USES  OF  THE  COW-PEA. 

HAY. 

Cow-peas  make  excellent  hay  which,  if  properly  handled,  is 
equal  to  alfalfa  in  nutritive  value,  although  as  a  rule  stock  do 
not  eat  cow-pea  hay  as  readily  as  alfalfa.  When  sown  for  hay 
it  is  usually  preferable  to  plant  in  close  drills,  requiring  about 
one  bushel  of  seed  peas  per  acre,  and  when  so  planted  the 
plants  tend  to  grow  more  upright,  which  makes  the  crop  easier 
to  cut  with  a  mower.  If  grown  in  rows,  although  the  produc- 
tion of  forage  may  be  as  great,  it  is  more  difficult  to  harvest, 
and  the  ranker  growth  of  the  individual  plants  often  makes  the 
hay  more  woody.  It  is  not  an  easy  matter  to  cure  cow-pea  hay ; 
the  vines,  being  so  large,  cure  slowly,  and  with  unfavorable 
weather  the  hay  is  apt  to  be  badly  injured,  if  not  spoiled,  be- 
fore it  is  cured  enough  to  stack.  The  difficulty  of  harvesting 
and  curing  cow-pea  hay,  its  tendency  to  become  woody,  and  the 
lower  yield  per  acre,  make  this  crop,  for  hay  production,  less 
valuable  than  alfalfa  where  alfalfa  can  be  successfully  grown. 
In  certain  sections  of  the  state,  where  difficulty  has  been  ex- 
perienced in  growing  alfalfa,  cow-peas  fill  a  need  by  producing 
hay  and  pasture  of  high  teeding  value.  The  crop  is  also  espe- 
cially valuable  as  a  soil  fertilizer  when  used  in  rotation  with 
other  crops  or  plowed  under  as  green  manure. 

The  cow-pea  is  sometimes  sown  in  combination  with  other 
«rops,  such  as  com,  Kafir-corn,  and  sorghum  for' hay.  When 
planted  in  these  combinations  there  is  danger  of  cow-peas  be- 
ing stunted  in  growth  if  the  crop  with  which  it  is  combined  is 
planted  too  thick.  Sown  broadcast,  cow-peas  often  make  but 
little  growth  with  these  crops,  but  when  planted  in  rows  with 
corn  and  cultivated  the  growth  is  quite  satisfactory. 

'  SOILING  AND  ENSILAGE. 

As  a  soiling  crop  cow-peas  are  very  satisfactory.  As  they 
should  not  be  planted  until  the  weather  and  soil  are  warm,  the 
crop  is  not  available  for  feed  until  the  latter  part  of  summer, 
where  they  fill  a  place  in  a  well-planned  system  of  soiling  and 
furnish  an  abundance  of  succulent  green  feed,  although  per- 
haps less  palatable  than  alfalfa. 

When  used  alone  the  cow-pea  does  not  make  an  exceptionally 
good  quality  of  ensilage,  due  to  the  large  amount  of  water  in 
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the  green  vines  making  a  watery  silage  that  keeps  poorly  and 
is  not  well  relished  by  stock.  When  combined  with  com  in  the 
proportions  of  about  one-fourth  cow-peas  to  three-fourths  com, 
it  makes  an  excellent  silage  that  keeps  well  and  is  relished  by 
all  classes  of  stock.  This  combination  has  greater  feeding 
value  than  com  silage,  for  the  reason  that  cow-peas,  being 
relatively  high  in  protein,  make  the  cow-pea-com  silage  a  more 
nearly  balanced  ration. 

It  is  a  common  practice  in  dairy  sections  to  grow  cow-peas 
and  com  in  separate  fields  and  mix  them  as  the  silo  is  being 
filled.  It  would  seem  a  more  desirable  practice  to  grow  the 
com  and  cow-peas  together.  An  experiment  along  this  line 
was  conducted  at  this  Station  during  1903,  1904  and  1905,  the 
corn  and  cow-peas  being  planted  together  in  rows.  When 
planted  the  right  thickness — com  12  to  24  inches  and  peas 
4  to  6  inches  apart  in  drill-rows  3^  feet  apart — each  grew 
equally  well  and  produced  from  ten  to  fourteen  tons  of  green 
fodder  per  acre.  The  cow-peas  twined  around  the  corn-stalks, 
making  the  crop  easy  to  harvest  with  the  corn-binder.  (See 
frontispiece.)  ^^^^^^ 

While  the  cow-pea,  because  of  its  general  habit  of  growth,  is 
not  a  natural  pasture  plant,  few  farmers  are  using  it  for  this 
purpose.  Maturing  as  it  does  in  the  latter  part  of  the  summer, 
the  crop  furnishes  succulent  pasture  during  the  time  when 
natural  pastures  mn  short.  When  used  with  com  to  supple- 
ment the  ration,  such  pasture  can  hardly  be  excelled,  espe- 
cially for  hogs  and  sheep.  The  stock  are  usually  turned  on 
cow-peas  when  the  crop  has  reached  the  stage  of  maturity 
considered  best  for  hay,  or  when  some  of  the  pods  have  begun 
to  turn  yellow.  Cattle  are  usually  turned  on  earlier  than  sheep 
or  hogs ;  hogs  may  be  pastured  on  ripe  peas.  If  the  stock  are 
turned  on  the  field  too  early,  before  the  plants  have  attained 
full  size,  there  is  more  waste  from  the  trampling.  The  plant 
at  this  time  is  more  watery  and  does  not  furnish  its  full  feed- 
ing value.  As  with  many  green-pasture  crops  there  is  danger 
of  bloat  when  sheep  or  cattle  are  first  turned  onto  cow-peas, 
yet  the  danger  is  far  less  than  with  alfalfa,  and  is  lessened  as 
the  cow-peas  become  more  mature. 

Where  cow-peas  are  to  be  used  for  pasture,  especially  with 
hogs,  it  would  be  preferable  to  plant  with  com.    In  this  way 
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PLATB  II.     Cow-peas  planted  in  corn  at  the  last  cultivation. 

the  mixture  makes  a  ration  on  which  hogs  do  exceptionally  well 
without  other  grain.  When  planted  with  com  for  hogging 
down,  the  usual  method  is  to  plant  the  same  as  for  ensilage, 
taking  care  not  to  plant  the  corn  so  thick  as  to  stunt  the 
growth  of  the  cow-peas.  Another  method,  and  one  often  prac- 
ticed in  pasturing  sheep  in  the  more  humid  climates,  is  to 
plant  the  cow-peas  in  the  com  between  the  rows  at  the  last 
cultivation.  At  this  Station  we  have  planted  cow-peas  in  com 
at  the  last  cultivation  for  a  number  of  seasons,  and  they  usu- 
ally make  a  fair  growth  if  there  is  sufficient  moisture,  but  when 
the  early  fall  is  dry  the  cow-peas  do  not  make  much  growth 
until  the  com  is  mature.  There  seems  to  have  been  no  in- 
jurious effect  on  the  com  resulting  from  this  practice,  but 
rather  in  most  seasons  the  result  has  been  an  increased  yield 
of  com  in  fields  in  which  cow-peas  have  been  planted.  Table  I 
gives  the  comparisons  and  yields  for  five  years  of  corn  planted 
alone  and  with  cow-peas  drilled  between  the  rows  at  the  last 
cultivation. 

TABLE  I.     Yield  of  corn  per  acre,  bushels. 

How  Planted.  19OS.         1904.         1906.         1906.  1907.  Average. 

Corn  alone 28.86         66.67         37.80         64.17  38.01         4S.M 

Com  with  cow-peas,  planted  at  last 

cultivation 28.13         67.28         46.98         69.89  41.81         47. €2 

The  average  for  five  years  shows  that  com  in  which  cow- 
peas  were  planted  produced  3.64  bushels  more  grain  per  acre 
than  com  alone.    In  1906,  which  was  relatively  dry  in  August 
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and  September,  the  com  with  cow-peas  yielded  4.28  bushels 
per  acre  less  than  com  alone.  In  1903  the  yield  was  slightly 
in  favor  of  com  alone.  For  the  other  three  years  the  yield  was 
greater  where  the  cow-peas  were  planted  with  the  com. 

In  the  drier  sections  of  the  state,  where  fall  pasture  is 
needed,  it  would  be  better  to  plant  the  cow-peas  in  wheat,  oats, 
or  barley  stubble  rather  than  in  com.  When  planted  after 
wheat  or  oats  th^  cow-peas  make  a  much  ranker  and  more 
rapid  growth,  are  not  checked  so  severely  by  a  dry  fall,  and 
will  produce  in  nearly  every  instance  more  fall  pasture  than 
could  possibly  be  secured  by  planting  in  com.  After  pastur- 
ing, the  cow-peas  may  be  turned  under  in  the  fall,  leaving  the 
ground  in  excellent  condition  for  com  the  following  spring. 

SOIL  IMPROVEMENT  AND  GREEN   MANURING. 

The  growing  of  cow-i)eas  greatly  improves  the  soil.  Being 
a  rank  feeder  and  deep-rooted,  the  crop  is  able  to  use  plant- 
food  which  the  roots  of  other  plants  may  not  secure.  Much  of 
this  plant-food  later  becomes  available  to  other  crops  planted 
after  the  rotation  with  cow-peas.  This  crop  has  the  advantage 
over  other  crops  which  are  not  legumes,  in  that  it  is  able  to 
use  the  free  nitrogen  of  the  air  through  the  aid  of  the  bacteria 
which  live  upon  its  roots.  The  plowing  under  of  a  crop  of 
green  cow-peas  will  greatly  increase  the  supply  of  humus  and 
nitrogen  in  the  soil,  and  even  when  the  crop  is  harvested  for 
hay  or  seed  some  increase  in  soil  nitrogen  will  result  from  the 
decay  of  the  roots  left  in  the  soil. 

In  most  soils  of  this  state  nitrogen  is  the  limiting  element 
of  fertility,  and  anything  that  will  increase  the  nitrogen  supply 
of  the  soil  will  increase  the  soil's  productiveness.  The  cow- 
pea,  having  this  ability  to  secure  nitrogen  from  the  atmos- 
phere, not  only  produces  more  abundantly  than  a  crop  not  havr 
ing  this  power,  but  leaves  the  soil  in  better  condition  for  crops 
which  follow. 

Mr.  H.  T.  Neilsen,  of  the  United  States  Department  of  Agri- 
culture, in  Farmers'  Bulletin  No.  318,  in  speaking  of  the  effect 
of  the  cow-pea  upon  following  crops,  says :  "The  increase  in 
yield  of  wheat  due  to  the  cow-peas  is  generally  given  as  from 
three  to  five  bushels  per  acre.  At  the  Missouri  Experiment 
Station,  an  increase  in  yield  of  63  per  cent,  with  oats  and  49 
per  cent,  with  wheat  following  cow-peas  as  a  catch-crop  was 
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secured.  The  Arkansas  Experiment  Station  reports,  as  an 
average  of  four  years'  test  with  wheat,  an  increase  in  yield  of 
25  per  cent,  from  plowing  under  cow-pea  stubble  in  the  fall, 
39  per  cent,  from  plowing  under  cow-pea  vines,  and  42  per 
cent,  ^hen  cow-peas  were  grown  each  year  as  a  catch-crop  be- 
tween the  wheat  crops,  only  the  stubble  of  the  peas  being 
plowed  under." 

At  this  Station  we  have  sown  cow-peas  as  a  catch-crop  be- 
tween the  wheat  crops  for  the  past  five  years,-plowing  under 
the  entire  growth  of  peas  about  the  middle  of  September,  two 
or  three  weeks  before  seeding  to  wheat.  The  cow-peas  have 
been  sown  each  year  soon  after  wheat  harvest,  in  close  drills, 
at  the  rate  of  about  one  bushel  of  peas  per  acre.  The  field  was 
usually  double-disked  ahead  of  the  drill.  Both  plots  were 
plowed  on  the  same  date  and  given  similar  preparation  before 
seeding.  The  field  used  for  this  work  was  upland  soil  low 
in  fertility.  The  yields  for  the  past  five  years  are  given  in 
table  II. 

TABLE  II.    Yield  per  acre  of  wheat. 
Treatment.  1904.         1906.         1906.         1907.         1908.  Average. 

Wheat  continuously 18.40        12.02        18.41        11.79        11.08        12.84 

Wheat  continuously  with  cow-peas  as 

catch  crop 14.49         16.63         16.64         16.87        20.18         16.61 

Each  season  the  catch-crop  of  cow-peas  has  given  an  in- 
creased yield  of  wheat  and  the  effect  has  been  accumulative, 
the  increase  in  yield  being  gradual  from  year  to  year.  The 
first  year  of  the  trial  there  was  a  difference  of  only  one  bushel 
in  favor  of  the  cow-pea  rotation,  while  after  five  years  the  plot 
which  received  the  green  manuring  produced  nine  bushels  more 
wheat  per  acre,  the  average  difference  being  four  and  one- 
third  bushels  per  acre  in  favor  of  planting  cow-peas  as  a 
catch-crop  between  crops  of  wheat.  In  carrying  out  this  test 
every  effort  was  made  to  put  the  seed-bed  in  as  good  condition 
as  possible  before  the  wheat  was  sown.  After  plowing,  the 
subsurface  packer  was  used  and  the  seed-bed  made  as  firm  as 
possible. 

While  the  effect  of  the  cow-peas  in  maintaining  the  fertility 
of  the  soil,  where  used  as  a  catch-crop  with  wheat,  is  clearly 
shown  by  this  experiment,  the  practice  can  hardly  be  recom- 
mended in  general  farming.  In  the  wheat  belt  of  the  central 
and  western  parts  of  the  state  there  is  not  sufficient  moisture 
to  produce  a  crop  of  cow-peas  for  green  manuring  and  still 
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Plate  III.     Plowingr  under  cow-peas  for  srreen  manure,  September  21,'  1908. 

leave  the  ground  in  condition  for  starting  the  wheat  the  same 
fall,  except  in  very  favorable  seasons.  Also,  the  extra  labor 
involved  in  preparing  a  good  seed-bed  for  wheat  after  cow- 
peas  makes  this  method  unpractical.   (Plate  III.) 

A  more  practical  rotation  is  to  plant  cow-peas  in  wheat  or 
oats  stubble,  plow  the  crop  down  before  heavy  frost  in  the 
fall,  and  follow  with  com  the  next  year.  A  common  practice 
at  this  Station  is  to  plant  the  cow-peas  during  the  wheat  har- 
vest, following  the  binder  directly  with  a  single-disk  drill ;  or, 
if  the  stubble-land  is  weedy  or  trashy,  it  is  advisable  to  disk 
ahead  of  the  drill  behind  the  binder,  thus  preparing  a  more 
suitable  seed-bed.  Thus  when  the  harvest  is  finished  the  field 
has  been  replanted  and,  if  the  extra  labor  can  be  supplied,  this 
is  an  economy  of  time,  and  the  new  crop  will  have  all  the  ad- 
vantages which  may  come  by  timely  rains  and  favorable  grow- 
ing conditions.  If  it  is  not  possible  to  plant  during  the  harvest 
of  the  grain,  then  the  cow-peas  may  be  sown  as  soon  as  pos- 
sible after  the  harvest,  preferably  disking  ahead  of  the  drill 
between  the  rows  of  shocks.  Occasionally,  by  early  thrashing, 
the  field  may  be  cleared  soon  enough  to  plant  the  peas,  but 
such  planting  should  not  be  delayed  long  after  July  1.  Planted 
in  this  way  at  this  Station,  cow-peas  have  made  a  growth  of 
twelve  to  eighteen  inches  by  the  last  of  September,  when  the 
crop  was  plowed  under.    Such  fall-plowed  land  is  in  excellent 
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condition  for  corn  the  next  season,  since  there  is  sufficient  time 
between  the  plowing  under  of  the  cow-peas  and  the  planting  of 
com  for  the  cow-peas  to  decay  and  for  the  moisture  to  become 
replenished  in  the  soil.  Table  III  gives  the  yield  of  wheat  and 
com  when  grown  in  rotation  with  cow-peas  used  as  a  catch- 
crop  after  wheat,  as  compared  with  the  3delds  when  wheat  and 
corn  were  grown  in  rotation  without  the  intermediate  green 
manuring  crop  of  cow-peas. 

TABLE  ni.    Yield  of  corn  per  acre,  bmhels. 

1904.  1905.  1906.  1907.  Averaffe. 
FoUowins  cow-peas  used  as  catch  crop  after 

wheat. 44.89  68.66  66.81  87.76        60.76 

Following  wheat  without  cow-peas 82.40  44.89  67.67  82.21        41.77 

Yield  of  wheat  per  acre,  bushels,  in  rotation  with  com,  second  year  after  cow-peas: 

1904.  1906.         1906.  1907.  Average. 

With  cow-peas 17.69        22.68        16.68  9.26         16.49 

Without  cow-peas 17.20         18.67         14.74  9.06         14.91 

These  results  show  that  cow-peas  used  as  green  manure 
have  had  a  remarkable  effect  in  increasing  the  yield  of  com, 
the  average  annual  increase  in  3deld  for  the  four  years  being 
nearly  nine  bushels  per  acre;  also,  there  was  a  small  increase 
(about  one  and  a  half  bushels  per  acre)  in  the  wheat  crop  fol- 
lowing the  com  the  second  year  after  the  cow-peas  were  plowed 
under.  The  relatively  low  3deld  of  wheat  on  all  plots  is  in  part 
due  to  the  unsuitable  seed-bed ;  the  wheat  was  planted  in  the 
corn-stalks  each  fall. 

This  seems  to  be  a  more  practical  and  successful  method  of 
using  cow-peas  for  soil  improvement  than  by  growing  the  peas 
with  com  or  sowing  them  as  a  catch-crop  in  continuous  wheat 
culture.  Also  this  is  a  practical  way  of  maintaining  the  ni- 
trogen and  humus  supply  of  the  soil,  especially  on  farms  keep- 
ing little  live  stock ;  but  upon  a  stock  farm  a  green  manuring 
crop  should  not  be  expected  to  replace  barn-yard  manure  but 
rather  to  supplement  it.  Upon  stock  farms  where  cow-peas  are 
grown  as  a  catch-crop  after  wheat  or  oats  for  soil  improve- 
ment it  will  be  found  more  profitable  to  pasture  the  cow-peas 
rather  than  to  plow  the  entire  crop  under.  .  Little  of  the  bene- 
ficial effects  of  the  cow-peas  is  lost  by  this  practice,  since  by 
pasturing  the  droppings  of  the  animals  remain  upon  the  field, 
and  even  when  the  cow-peas  are  cut  for  hay  and  fed  there  may 
be  but  little  loss  of  fertilizing  elements  if  care  is  taken  to  pre- 
serve the  manure  and  return  it  to  the  land. 
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AS  A  ROTATION   CROP. 

When  grown  for  seed  or  forage,  cow-peas  are  a  valuable 
crop  to  use  in  rotation  with  other  crops.  Preferably  cow-peas 
should  be  used  to  precede  potatoes,  com,  Kafir-corn,  cane  and 
other  rank-growing  forage  crops,  rather  than  small  grains, 
since  in  the  more  favorable  seasons,  in  fertile  soil,  small  grain 
is  apt  to  lodge  when  grown  after  cow-peas.  Also,  since  cow- 
peas  are  harvested  late,  the  soil  may  be  left  too  dry  to  start 
fall  wheat  well.  Rotation  experiments  carried  on  at  this  Sta- 
tion for  five  years  with  cow-peas  or  soy-beans  and  wheat  have 
given  the  following  results : 

Wheat  Rotation  with  Soy-beans  or  Cow-peas, 

i>«MMr{.vn.  «»««  Wheat — ^jrield  per  acre,  bushels. 

PKnaous  crop.  ^^^^  ^^^^  ^^^^  ^^^  ^^^^  ^^ 

Wheat   (continuously)    17.18        24.40        40.40        87.68        29.58        29.88 

Soy-beans    or    cow-peas     (alternate 

years) 21.10        26.64         81.10*       88.08        26.16        28.89 

Wheat  followed  soy-beans  in  1904-1906,  and  cow-peas  in  1907-1908. 

*  Lodged  badly,  which  accounts  for  lower  yield. 

The  rotation  experiments  with  com  and  soy-beans  have  re- 
sulted in  increasing  the  yield  of  com  after  soy-beans,  the  aver- 
age annual  increase  in  yield  being  over  fourteen  bushels  of 
shelled  com  per  acre,  as  an  average  for  four  crops.  The  re- 
sults are  given  as  follows : 

Com  Rotation  toith  Soy-beans, 

1904.  1905.  1906.  1907.  Av. 

Com   (continuously) 48.21         58.00        62.44        46.66         62.80 

Soy-beans  (alternately).  .  .  .      58.72        68.26        76.58        68.62        66.58 

The  straw  and  stalks  invariably  made  a  ranker  growth  after 
the  cow-peas.  

SEED. 

Cow-peas  are  an  uncertain  crop  for  seed  in  this  state,  as  the 
yield  of  seed  varies  greatly  from  year  to  year,  depending  upon 
weather  conditions.  When  the  summer  is  favorable  and  hot 
the  yield  of  seed  is  quite  satisfactory,  but  when  the  summer  is 
cool  or  too  wet  or  too  dry,  the  yield  is  apt  to  be  low.  As  shown 
by  the  trials  at  this  Station,  in  favorable  seasons,  good  pro- 
ducing varieties  have  yielded  from  fifteen  to  twenty  bushels 
per  acre,  while  in  an  unfavorable  season  the  same  varieties 
have  produced  only  from  five  to  seven  bushels  per  acre.  This 
uncertainty  of  a  seed  crop  makes  the  cow-pea  an  undesirable 
crop  to  grow  in  a  commercial  way  for  seed  production,  but  the 
value  of  the  crop  for  soil  improvement,  pasture,  hay  and  en- 
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silage,  and  the  high  price  of  the  seed  upon  the  market,  makes 
it  desirable  for  every  farmer  to  grow  enough  cow-peas  for  seed 
to  supply  his  own  needs.  At  the  present  price  of  seed  ($3  per 
bushel)  the  average  farmer  does  not  feel  that  he  can  afford  to 
buy  the  seed  of  cow-peas  for  green  manuring,  although  the 
expenditure  of  this  amount  would  doubtless  be  repaid  by  the 
increase  in  the  yield  of  crops  through  the  increased  fertility  of 
the  soil  However,  if  the  farmer  can  raise  each  year  from  five 
to  ten  acres  of  cow-peas  for  seed  he  will  have  a  supply  of  seed 
on  hand  for  his  own  use,  which,  in  favorable  seasons,  will  have 
cost  him  less  than  one  dollar  per  bushel  to  produce,  and  in  un- 
favorable seasons  the  cost  should  not  be  greater  than  the  aver- 
age market  price  of  good  seed  peas. 

OTHER  USES. 

Besides  the  uses  for  cow-peas  discussed  above  there  are  a 
few  minor  uses  for  which  the  crop  is  sometimes  grown.  In 
some  of  the  Southern  states  where  cow-peas  seed  heavily  the 
seed  is  grown  and  used  for  stock  feed.  Cow-pea  seed  has  a 
high  feeding  value,  furnishing  about  two  and  a  half  times  as 
much  protein  and  nearly  as  much  carbohydrates  as  com.  At 
the  present  prices  cow-pea  seed  cannot  be  profitably  grown  for 
feed,  but  in  thrashing  more  or  less  of  the  seed  may  be  broken, 
making  it  unfit  for  planting.  Such  seed  should  be  ground  and 
fed;  mixed  with  corn-meal  or  other  ground  grain  it  makes 
especially  good  feed  for  hogs  or  dairy  cows.  Cow-peas  are 
also  used  in  a  small  way  for  human  food,  prepared  in  much 
the  same  manner  as  the  garden  bean, 

COW-PEAS  COMPARED  WITH   SOY-BEANS. 

In  some  respects  the  soy-bean  would  seem  to  be  a  more  de- 
sirable crop  than  the  cow-pea,  and  in  many  sections  of  the 
country  they  grow  well  and  are  popular.  However,  in  this 
state  (Kansas)  they  have  not  proven  as  sure  a  crop  as  cow- 
peas.  The  soy-bean  as  a  rule  produces  more  seed  than  the 
cow-pea,  the  seed  ripens  more  nearly  at  the  same  time  and  is 
easier  to  save  and  thrash,  while  the  stalk,  growing  upright 
without  vining,  makes  the  crop  easier  to  harvest;  also,  the  hay 
of  the  soy-bean  when  properly  saved  has  a  little  greater  feed- 
ing value,  being  richer  in  protein.  In  spite  of  these  qualities 
favorable  to  the  soy-bearfj  it  is  surpassed  in  three  respects  by 
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Plate  IV.     Varieties  of  soy-beans,  showins  upright  habit  of  growth. 

the  cpw-pea,  which  would  seem  to  make  the  latter  a  more  de- 
sirable crop  for  this  state. 

First — The  stand  of  cow-peas  is  more  certain  than  the  stand 
of  soy-beans.  The  seed  is  more  sure  of  germination,  perhaps 
due  to  the  fact  that  soy-bean  seed  is  more  apt  to  heat  in  storage. 
Also  the  soy-beans  fail  to  come  up  well  if  the  soil  is  crusted, 
while  the  cow-peas,  being  a  more  vigorous  grower,  push  their 
way  out  of  heavily  crusted  soil.  This  ability  of  the  cow-pea  to 
grow  under  unfavorable  conditions  and  in  a  poorly  prepared 
seed-bed  is  very  essential,  especially  when  stubbled  in  after 
wheat  or  oats. .  The  soy-beans  when  sown  in  this  state  on  land 
new  to  the  crop  usually  require  inoculation  of  the  soil  or  seed 
before  they  will  thrive  well,  while  the  cow-pea  seems  to  find  its 
bacteria  in  the  soil,  and  will  grow  well  on  nearly  every  soil 
without  inoculation.  Rabbits  trouble  soy-beans  more  than  cow- 
peas,  and  this  is  a  very  important  consideration,  especially  in 
western  Kansas.  These*  several  factors  tend  to  favor  a  better 
stand  of  cow-peas  than  of  soy-beans. 

Second. — Cow-peas  are  better  suited  for  planting  with  com 
than  soy-beans.  Cow-peas  when  planted  with  com  not  only 
produce  more  forage  than  soy-beans,  but  the  vining  habit  of 
growth  of  cow-peas  causes  them  to  twine  around  the  com,  so 
that  the  vines  are  held  up,  which  makes  the  combined  crop 
easier  to  harvest  with  a  corn-binder. 
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Third. — ^The  cow-pea  is  better  adapted  for  hay  than  the  soy- 
bean. The  leaves  of  the  soy-bean  drop  quickly  as  the  crop  ap- 
proaches maturity,  and  it  is  often  difficult  to  save  the  hay  crop 
without  the  loss  of  a  large  proportion  of  the  leaves.  The 
leaves  of  the  cow-pea  do  not  drop  but  remain  green  and  grow- 
ing after  many  of  the  pods  are  ripe  and  dry.  Again,  if  the 
soy-bean  is  allowed  to  become  a  little  too  mature,  not  only  is 
there  a  loss  of  leaves  in  curing  but  the  stems  become  hard  and 
woody  and  less  palatable  to  stock.  On  the  other  hand,  soy- 
beans are  some\yhat  more  readily  cured  and  handled  for 
hay,  and  as  pasture  for  cattle  may  excel  the  cow-peas,  since 
the  green  soy-beans  are  apparently  better  relished  by  stock. 
(Plates  IV  and  V.) 


Plate  V.     Varieties  of  cow-peas,  showinfl:  vinins  habit  of  growth. 
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VARIETIES  OF  COW-PEAS. 

During  the  past  six  years  some  forty  varieties  of  cow-peas 
and  thirty-five  varieties  of  soy-beans  have  been  tested  by  the 
Station  for  seed  and  hay  production.  Some  of  these  varieties 
have  been  grown  but  one  year,  many  of  them  showing  good 
<iualities  have  been  grown  two  or  more  years,  while  the  most 
promising  varieties  have  been  grown  throughout  the  six  years. 
Table  IV  gives  the  yield  of  different  varieties  which  have  been 
^rown  for  the  entire  six  years,  arranged  in  the  order  of  hay 
production.    (See  page  191.) 

These  varieties,  being  selected  as  the  most  productive  from 
the  forty  varieties  tested,  do  not  show  striking  variations  in 
yield.  The  Mount  Olive  ranks  first,  having  produced  an  aver- 
age of  2.68  tons  of  hay  per  acre  for  the  six  years,  and  Whip- 
poorwill  second,  having  produced  an  average  of  2.63  tons  of 
hay  per  acre.  In  the*  production  of  seed  for  an  average  of  five 
years,  1903  to  1907,  inclusive,  the  Warren's  New  Hybrid  has 
produced  the  largest  yield,  13.46  bushels  per  acre;  Black  Eye 
second,  12.71  bushels,  and  New  Era  third,  12.44  bushels. 

For  the  production  of  cow-pea  seed  four  characteristics  are 
especially  desirable,  namely,  yield,  evenness  of  ripening,  early 
maturity,  and  an  upright  habit  of  growth.  The  New  Era 
seems  to  have  these  characteristics  the  most  highly  developed. 
It  is  a  good  yielder  of  both  hay  and  seed;  is  as  early  and  as 
evenly  maturing  as  any  good  variety,  ripening  in  107  days ;  and 
has  the  mogt  upright  habit  of  growth  of  any  of  the  varieties 
reported,  thus  making  it  the  most  easily  harvested.  Mount 
Olive,  which  leads  in  hay  production,  matures  later  and  pro- 
duces less  seed.  Hammond's  Black,  also  a  good  hay  producer, 
cannot  be  depended  upon  to  mature  seed.  The  Whippoorwill 
is  a  little  late  in  maturing,  but  it  is  a  high-yielding  variety 
and  is  especially  adapted  for  growing  with  com  for  ensilage, 
as  it  has  a  twining  habit  of  growth  and  ripens  well  with  va- 
rieties of  com  like  Silvermine,  Boone  County  White,  Legal 
Tender  and  Reid's  Yellow  Dent.  White  Giant  cannot  be  recom- 
mended, since  it  is  troubled  greatly  by  blight,  which  often 
nearly  mins  the  crop.  Judging  from  these  tests  the  following 
varieties  may  be  recommended  for  growing  in  this  state :   For 
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seed.  Black  Eye,  New  Era,  Warren's  New  Hybrid;  for  hay, 
Whippoorwill;  for  a  catch-crop  after  wheat,  New  Era. 

The  following  varieties  of  cow-peas  have  been  grown  one 
or  more  years  at  this  Station,  but  for  various  reasons  have  not 
proven  so  well  adapted  to  our  conditions  as  other  varieties 
named  above:  Extra  Early,  Unknown  or  Wonderful,  Iron, 
Black,  Red  Unknown,  California,  Red  River,  Yellow  Sugar, 
Chowder,  Extra  Early  Black  Eye,  Large  Black  Eye,  and  Lady 
or  Galivant.  The  following  varieties  of  soy-beans  have  also 
been  tested  one  or  more  years:  Green,  Medium  Green,  Olive 
Medium,  Ogema,  Extra  Early  Black,  Early  Green,  Flat  Black, 
Early  Black,  Medium  Early,  Green,  Yellow,  Southern,  Large 
Yellow,  Late  Yellow,  Medium  Yellow,  Green  Black,  and  Large 
Medium  Late  Yellow. 

CULTURE  OF  COW-PEAS. 

SOIL. 

There  is  no  more  metropolitan  crop  grown  in  the  com  belt 
than  the  cow-pea.  It  will  grow  and  make  profitable  crops  on 
nearly  every  type  of  soil  in  the  state  of  Kansas  when  supplied 
with  the  necessary  amount  of  moisture  and  given  good  culture. 
The  plant  is  better  adapted  to  the  open  soils  of  a  sandy  loam 
nature  rather  than  to  the  clay  loams  or  heavy  clays.  These 
more  open  soils  allow  good  aeration,  which  favors  bacterial 
activity  and  thus  promotes  a  better  development  of  the  plant. 
The  heavy  clay  soil  produces  but  a  small  crop  the  first  year,  but 
the  second  year  the  crop  grows  better,  which  probably  results 
from  the  soil  being  opened  and  enlivened  by  the  deep  root 
system  of  this  plant.  The  deep  rooting  of  the  cow-pea  in  soils 
of  this  character  puts  these  soils  in  better  condition  for  all 
classes  of  crops  which  may  follow  the  cow-peas. 

The  cow-pea  is  everywhere  recognized  a^  a  rank  feeder,  be- 
ing able  to  extract  plant-food  from  soils  almost  barren  to  other 
crops,  thus  making  it  well  adapted  for  growing  on  "worn-out" 
soils  as  a  soil  renewer.  It  has  an  especial  advantage  over 
some  other  leguminous  crops  in  being  able  to  grow  from  the 
start  upon  new  land  without  inoculation  with  the  bacteria 
which  live  upon  its  roots  and  which  aid  it  in  securing  nitrogen 
from  the  atmosphere.  Whether  these  bacteria  are  always  pres- 
ent in  sufllcient  numbers  in  soils  new  to  the  crop,  or  whether 
-2 
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the  bacteria  adhere  to  the  seeds  and  are  thus  carried  to  the  soil 
with  the  seed,  has  not  been  proven.  Tubercles  may  nearly  al- 
ways be  found  upon  the  roots  of  cow-pea  plants  the  first  season 
the  crop  is  grown  on  new  land.  This  habit  gives  the  cow-pea 
an  advantage  over  the  soy-bean,  since  new  fields  must  usually 
be  inoculated  with  the  soy-bean  bacteria  before  the  crop  will 
thrive.  Also,  the  presence  of  these  nitrogen-gathering  bac- 
teria is  required  in  order  that  the  legume  crop  may  store  ni- 
trogen and  improve  the  fertility  of  the  soil. 

A  soil  of  medium  fertility  is  considered  best  for  the  pro- 
duction of  cow-peas.  On  poor  soil  the  plants  produce  a  light 
yield  of  hay,  although  often  seeding  well.  Upon  a  very  fertile 
soil  there  is  apt  to  be  an  excessive  growth  of  vines  which  fail 
to  produce  seed  well  and  which  are  difficult  to  cure  for  hay. 
Cow-peas,  like  other  legumes,  will  not  grow  well  in  a  wet  soil; 
nor  are  they  particularly  well  adapted  for  dry  farming,  unless 
given  very  careful  culture.  They  will  grow  wherever  com  will 
grow  successfully.  For  the  drier  portions  of  the  state  the 
earlier-ripening  varieties  are  to  be  preferred. 

PREPARATION  OP  SOIL. 

While  the  cow-pea  will  grow  upon  a  poorly  prepared  seed- 
bed it  responds  to  good  cultural  methods.  The  seed-bed  for  cow- 
peas  should  receive  as  careful  preparation  as  the  seed-bed  for 
com.  Although  cow-peas  are  necessarily  planted  late  in  the 
spring,  it  is  often  desirable  to  plow  the  ground  early  and  culti- 
vate the  field  at  intervals  with  the  disk  or  harrow  to  destroy 
weeds  and  maintain  a  soil  mulch  to  receive  and  retain  the 
moisture.  It  is  advisable  to  plow  in  the  fall  or  winter  certain 
types  of  heavy  soil  not  inclined  to  drift,  or  land  which  has  no 
cover  of  stubble  or  stalks.  Such  land  may  be  disked  and  har- 
rowed in  the  spring  to  clear  it  of  weeds  and  put  it  in  good  con- 
dition for  planting. 

When  seeded  as  a  catch-crop  after  wheat  or  other  small 
grain,  the  most  practical  method  is  to  prepare  a  seed-bed  with 
the  disk-harrow,  or  to  seed  with  a  single-disk  drill  without  pre- 
vious cultivation,  if  the  ground  is  clean  and  mellow.  Plowing 
the  ground  at  this  time  would  put  it  in  condition  to  hold  more 
moisture  and  might  give  a  greater  growth  and  a  more  perfect 
stand  of  peas,  but  in  order  to  plow  wheat  or  oat  stubble  it 
would  often  be  necessary  to  wait  until  after  thrashing,  which 
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Plats  VL     Planting  cow-peas  in  wheat  stubble  immediately  following  the  binder, 
with  a  sinffle-disk  drill. 

in  most  instances  would  mean  planting  too  late  to  insure  a  good 
stand  and  good  growth  of  cow-peas.  Unless  the  stubble  ia 
disked  behind  the  binder  the  amount  of  moisture  lost  before 
plowing  would  often  more  than  offset  the  gain  from  a  mellow^ 
condition  of  the  surface  soil  secured  by  plowing.  In  planting- 
cow-peas  after  small  grain  as  a  catch-crop  at  this  Station,  we 
have  found  it  advisable  to  follow  the  binder  immediately  with 
the  disk-harrow  and  the  disk-harrow  immediately  with  the 
disk-drill.  This  practice  means  a  rush  of  work,  but  by  this 
method  the  work  of  seeding  does  not  interfere  with  the  shock- 
ing of  the  grain  and  the  peas  are  planted  at  the  earliest  pos- 
sible date.  The  crop  so  planted  has  every  advantage  of  rain- 
fall and  favorable  conditions  for  growth.  The  moist,  mellow 
condition  of  the  soil  usual  at  harvest-time  insures  a  rapid 
germination  of  the  peas,  while  if  the  preparation  and  planting 
is  delayed  a  few  days  the  ground  is  apt  to  dry  out  and  become 
hard.  This  practice  can  only  be  followed  upon  reasonably 
clean  stubble  land.     (Plate  VI.) 

METHODS  OF  PLANTING. 

The  method  of  planting  cow-peas  will  depend  upon  the  pur- 
pose for  which  the  crop  is  grown.  For  the  production  of  seed, 
the  best  practice  is  to  plant  in  rows  about  three  feet  apart, 
dropping  the  peas  in  the  rows  two  or  three  inches  apart.    A 
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common  corn-planter  may  be  used  for  this  purpose,  but  the 
rows  will  be  farther  apart  than  is  necessary  for  the  greatest 
production  of  peas.  With  the  edge-drop  planter,  it  is  neces- 
sary to  use  the  sixteen-cell  plate  and  the  highest  gear  in  order 
to  drop  the  peas  thick  enough.  Some  farmers  use  the  corn- 
planter  with  the  drill  attachment,  straddling  each  alternate 
row,  which  makes  the  rows  from  twenty  to  twenty-two  inches 
apart.  If  this  method  is  followed  the  peas  should  be  placed 
about  six  inches  apart  in  the  row.  Rows  placed  too  close  to- 
gether are  inconvenient  for  cultivating.  A  good  method  of 
planting  practiced  at  this  Station  is  to  use  a  common  grain- 
drill  which  will  not  split  the  peas  (there  is  a  difference  in  drills 
in  this  respect) ,  stopping  up  part  of  the  grain  cups  so  as  to 
leave  the  rows  about  three  feet  apart,  setting  the  drill  to  sow 
about  two  bushels  of  wheat  per  acre.  This  rate  of  seeding 
drops  the  peas  about  two  to  four  inches  apart  in  the  row  and 
requires  ten  to  twelve  quarts  of  peas  to  seed  an  acre.  The 
peas  should  be  planted  two  to  three  inches  deep  in  mellow  soil. 

The  usual  practice  is  to  surface-plant  cow-peas.  They  may, 
however,  be  successfully  planted  in  furrows,  either  by  listing 
or  preferably  by  the  use  of  the  furrow-opener  on  the  corn- 
planter.  At  this  Station  the  usual  plan  is  to  plant  with  the 
furrow-openers.  There  may  be  advantage  from  furrow  plant- 
ing by  getting  the  peas  deeper  in  dry  soil.  In  early  cultivation 
the  weeds  are  more  readily  destroyed  by  covering  them  as  the 
furrow  is  filled.  If  cow-peas  are  listed  care  should  be  taken 
not  to  list  over  four  or  five  inches  deep.  The  plants  start 
slowly  in  a  deep-listed  furrow  and  usually  make  a  poor  stand 
and  a  dwarf  growth. 

'  When  the  cow-peas  are  planted  for  hay  or  green  manuring, 
the  best  method  is  to  sow  broadcast  or  in  drill-rows  six  to  eight 
inches  apart.  For  planting  in  this  manner  the  grain-drill  will 
prove  the  most  satisfactory  implement,  and  should  be  set  to 
sow  about  six  pecks  of  wheat  per  acre,  which  will  sow  the  peas 
at  the  rate  of  a  bushel  to  one  and  a  half  bushels  per  acre. 
Planting  in  close  drill-rows  does  not  require  later  inter- 
culture.  The  peas  do  not  vine  so  much,  grow  more  upright,  are 
easy  to  harvest  with  the  mower,  and  make  a  less  woody  hay. 

When  planted  for  ensilage  with  com  the  most  successful 
method  is  that  of  planting  the  com  and  cow-peas  at  one  oper- 
ation.   The  common  two-row  corn-planter,  with  the  sixteen- 
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cell  edge-drop  plate,  in  which  the  notches  have  been  filed  out 
to  make  the  cells  as  large  as  possible,  may  be  used.  The  cow- 
peas  and  com  should  be  mixed  about  half  and  half  by  weight 
and  the  planter  set  with  the  drill  attachment  to  plant  as 
thickly  as  possible.  This  gives  the  proper  stand  of  the  combi- 
nation crop,  com  averaging  about  eighteen  inches  apart  and 
cow-peas  four  to  six  inches  apart  in  the  drill-rows.  If  the  corn 
is  planted  much  thicker  than  suggested  a  rank  growth  of  stalk 
is  apt  to  smother  the  cow-peas,  while  if  the  com  is  too  thin  the 
stalks  fail  to  support  the  cow-pea  vines,  making  the  crop  diffi- 
cult to  harvest. 

When  cow-peas  are  sown  in  coyn  at  the  last  cultivation  the 
usual  method  is  to  sow  with  the  one-horse  wheat-drill,  plant- 
ing two  or  three  rows  of  peas  between  the  rows  of  com.  A 
common  practice  also  is  to  sow  the  peas  broadcast  in  the  com 
at  the  last  cultivation  and  cover  them  with  the  cultivator.  This 
method  is  not  so  satisfactory,  on  account  of  the  unevenness  of 
the  depth  of  covering  and  the  consequent  poorer  stand  of  peas 
which  may  result.    (Plates  II  and  VII.) 

TIME    OF  PLANTING. 

Cow-peas,  being  a  southern  crop,  are  naturally  sensitive  to 
cold.  When  planted  in  cold,  wet  soil,  the  seed  will  either  rot  or 
the  plants  will  make  a  poor,  sickly  growth.  Cow-peas  should 
not  be  planted  until  the  soil  has  thoroughly  warmed  up  and  not 
until  all  danger  of  periods  of  cold  weather  has  passed.  Cold 
spells  shortly  after  planting  will  often  cause  a  poor  stand  of 
the  peas.  The  time  of  planting  will  dex)end  largely  upon  the 
purpose  for  which  the  peas  are  grown.  For  green  manuring 
they  may  be  sown  as  late  as  the  last  of  July  and  will  make  a 
considerable  growth  of  green  material  to  be  plowed  under  be- 
fore frost,  but  if  planted  for  hay  or  seed  it  is  necessary  to  sow 
earlier.  In  order  to  determine  the  most  satisfactory  date  at 
which  to  plant  cow-peas,  an  experiment  was  started  in  1904, 
planting  cow-peas  at  different  dates.  This  experiment  was 
continued  through  1905  and  1906.  The  results  are  shown  in 
table  V. 

In  this  experiment  the  New  Era,  one  of  the  earliest  maturing 
varieties  of  cow-peas,  was  planted.  Since  the  dates  of  plant- 
ing in  1904  do  not  exactly  correspond  with  those  of  W05  and 
1906,  the  yields  of  the  1904  crop  have  not  been  used  in  de- 
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TABLE  V.    Date  to  plant  cow-peas— a  summary  of  results  for  three  seasons.  1904.  1905,  1906. 


Date  planted. 


Yield  per  acre. 


1904. 


Hay. 


Grain. 


190K. 


Hay. 


Grain. 


1906. 


Hay. 


Grain. 


Average  yield 

per  acre  for 

two  years' 

trial 

1906-'06. 


Hay. 


Grain. 


tons. 


May  12. 
ICay  19. 
May  26. 

June  8. 
June  9. 
June  16. 
June  28. 
July  14. 


2.01 
8.66 
4.00 


16.92 
17.98 
19.90 


8.76 
2.28 
1.92 


28.81 

22.89^ 

O.OO^ 


tons. 
0.87 

1.61 

1.86 

2.82 

2.67 

1  82 

1.21 


btt. 
8.96 

7.77 

8.98 

11.20 

12.08 

6.86 

5.76^ 


tons. 
1.61 

2.89 

2.16 

2.20 

1.60 

1.78 

1.00 


10.39 
12.88 
10.86 
10.14 
U.1& 
6.08 
8.20 


1.19 
2.00 
2.00 
2.26 
2.08 
1.77 
1.10 


7.16 
10.S2 

9.91 
10.68 
11. G9 

6.96 

4.47 


*  Injured  by  frost. 

termining  the  average.  Taking  the  average  yields  for  1905 
and  1906,  we  find  that  planting  June  9  has  given  the  highest 
yield  of  grain,  and  planting  June  3  has  given  the  largest  pro- 
duction of  hay.  In  1904  the  greatest  yield  of  hay  was  pro- 
duced from  the  June  3  planting,  but  for  this  season  the  later 
seedings  of  June  16  and  28  gave  the  largest  production  of 
grain.  In  1905  the  June  28  planting  was  injured  by  frost  and 
in  1904  the  July  14  planting  was  killed  by  frost,  so  that  no  seed 
matured.  This  experiment  shows  that  it  would  not  be  a  safe 
practice  to  plant  New  Era  cow-peas  for  seed  later  than  the 
25th  of  June,  and  that  the  best  results  year  after  year  will 
probably  be  obtained  by  planting  from  the  25th  of  May  to  the 
10th  of  June.  For  the  largest  production  of  hay  the  cow-peas 
should  be  planted  a  week  earlier.  The  early  planting  of  the 
peas  usually  causes  a  heavy  growth  of  vine  and  a  decreased 
production  of  seed.  It  is  a  safe  practice  not  to  plant  until 
about  two  to  three  weeks  after  the  regular  corn-planting  time. 
When  planting  cow-peas  with  com  for  ensilage  our  experi- 
ments at  this  Station  indicate  that  the  best  time  for  planting 
the  combination  crop  is  about  the  first  week  in  June.  If 
planted  earlier  than  this,  when  the  soil  is  cold,  the  cow-peas 
start  slowly  and  are  thus  apt  to  be  covered  and  destroyed  by 
the  early  cultivation  of  the  com,  or  the  com,  starting  more 
rapidly,  outgrows  the  cow-peas  which  make  only  a  dwarf 
growth.    If,  however,  the  ground  is  permitted  to  warm  up 
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Flats  VIL  Individual  plants  of  eow-pcas  and  Boy-beana.  No.  1,  Early  Yalkm 
■oy-b«an ;  "Ka  2,  Southern  aoy-bean ;  No.  8,  Flat  Black  soy-bean ;  No.  4,  New 
Era  eow-pcas ;  No.  6,  Clay  eow-pcas ;  No.  6,  Whippoorwill  eow-peas. 

before  the  combined  crop  is  planted,  the  com  and  cow-peas 
start  together  and  grow  equally  well. 

CULTIVATION. 

If  the  soil  is  sufficiently  warm  when  the  cow-peas  are  planted 
the  plants  will  start  quickly  and  grow  rapidly.  When  planted 
in  rows  for  seed,  the  crop  may  be  cultivated  in  two  or  three 
weeks  after  planting.  Unlike  com,  the  young  cow-pea  plants 
are  tender  and  should  not  be  cultivated  with  the  weeder  or 
harrow;  at  least  not  until  the  plants  have  made  some  growth 
and  are  not  so  easily  broken.  If  the  peas  are  planted  in  fur- 
rows the  crop  may  be  harrowed  during  its  early  growth  with- 
out injury  to  the  young  plants.  It  sometimes  happens  that  a 
heavy  rainfall  soon  after  the  seeding  of  cow-peas  causes  the 
soil  to  become  crasted,  making  it  difficult  for  the  young  plants 
to  push  their  way  out.  In  this  condition  a  harrow  may  be  used 
to  advantage  to  break  the  crast  without  much  danger  of  in- 
jury to  the  sprouting  plants. 

When  cow-peas  are  sown  broadcast  they  require  little  or  no 
cultivation  after  they  are  out  of  the  ground.  If  the  ground 
was  well  cultivated  and  cleaned  of  weeds  previous  to  seeding, 
the  young  plants  with  favorable  weather  grow  rapidly  and  will 
usually  smother  any  weeds  which  may  start  after  the  planting. 
When  planted  in  rows  the  crop  should  be  cultivated  in  about 


Digitized  by  VjOOQIC 


200  Agronomy  Department  [Bull.  160 

the  same  manner  as  com.  Three  cultivations  with  the  culti- 
vator are  usually  all  that  are  required.  It  is  perhaps  preferable 
to  cultivate  the  first  time  with  the  knife  or  Acme  cultivator, 
which  may  be  run  close  to  the  row  without  much  danger  of 
covering  the  plants.  For  the  second  and  third  cultivation,  the 
six-shovel  cultivator  is  preferred.  For  seed  production,  cow- 
peas  should  be  cultivated  the  last  time  just  before  blooming. 
Very  little  is  gained  by  later  cultivation,  as  it  causes  greater 
vining  of  the  plant  and  thus  later  maturity. 

HARVESTING  COW-PEAS. 
FOR  HAY. 

Cow-peas  should  be  cut  for  hay  when  most  of  the  pods  are 
developed  and  when  the  first  pods  and  some  leaves  begin  to 
turn  yellow.  At  this  stage  the  plant  has  attained  its  growth 
and  none  of  the  leaves  have  been  lost.  If  cut  before  maturity 
the  vines  are  watery  and  difficult  to  cure,  while  if  left  too  late 
before  cutting  there  will  be  an  unnecessary  loss  of  leaves  in 
handling  and  the  stems  will  be  tougher  and  more  woody.  Cow- 
pea  hay  should  be  handled  in  curing  in  about  the  same  manner 
as  alfalfa,  but  it  cures  more  slowly  than  alfalfa.  A  good  prac- 
tice is  to  begin  cutting  in  the  morning  as  soon  as  the  dew  is 
off  when  the  indications  are  for  favorable  weather  for  a  num- 
ber of  days.  Before  the  leaves  have  become  very  dry  the  hay 
should  be  raked  and  allowed  to  cure  in  the  windrow  a  short 
time.  It  should  then  be  placed  in  cocks  of  moderate  size, 
made  as  high  in  proportion  to  circumference  as  possible. 
The  cocked  hay  should  be  allowed  to  remain  in  the  field  for 
three  or  four  days  until  the  stems  of  the  peas  are  well  cured, 
when  the  hay  may  be  mowed  or  stacked.  Where  possible,  cow- 
pea  hay  should  be  stored  under  shelter.  The  coarse  nature  of 
the  forage  makes  it  hard  to  keep  in  the  stack,  since  it  does  not 
shed  water  readily. 

FOR  ENSILAGE. 

When  sown  alone  cow-peas  should  be  harvested  for  ensilage 
at  about  the  same  stage  of  maturity  as  for  hay.  They  should 
be  cut  only  a  short  time  before  they  are  hauled  to  the  silo; 
should  be  raked  green,  placed  in  small  bunches  or  loaded  onto 
the  wagons  directly  from  the  windrow.  When  cow-peas  are 
planted  with  com  for  ensilage,  the  combined  crop  may  be  har- 
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Platb  VIII.    Cow-pea  harvester  attachment  for  the  mowing-machine,  showing  the 
vine>lifter8  on  ffuards,  and  windrowing  attachment. 

vested  with  the  corn-binder  and  handled  in  the  same  manner 
and  as  easily  as  com  planted  alone  for  ensilage. 

FOR  SEED. 

Cow-peas  ripen  so  unevenly  that  it  is  difficult  to  judge  at  just 
what  stage  of  maturity  to  cut  for  seed.  With  most  varieties 
blossoms,  green  pods  and  ripe  peas  occur  at  the  same  time, 
and  this  condition  continues  usually  until  frost.  Harvest  be- 
fore a  heavy  frost  or  when  most  of  the  pods  are  brown  and 
the  larger  proportion  of  the  peas  are  ripe. 

In  some  of  the  Southern  states,  where  labor  is  cheaper,  the 
peas  are  picked  by  hand  for  seed  as  they  ripen.  On  account 
of  the  scarcity  of  labor  in  this  state  this  method  is  hardly 
practical,  although  where  labor  can  be  secured  peas  may  be 
picked  by  hand  and  thrashed  for  about  one  dollar  a  bushel. 

There  are  several  makes  of  bean-  and  i)ea-picking  machines 
manufactured  and  sold  upon  the  market  to-day,  but  they  are 
not  extensively  used  and  it  is  doubtful  if  they  could  be  success- 
fully used  in  this  climate,  where  the  peas  could  not  be  allowed 
to  complete  ripening  before  picking.  A  method  of  harvesting 
cow-peas  for  seed  is  to  pull  the  vines  by  hand,  place  in  small 
shocks,  and  leave  in  the  field  until  well  cured.  The  peas  may 
be  thrashed  directly  as  hauled  from  the  field  or  they  may  be 
stacked  and  thrashed  later.    The  vines  often  pull  hard,  thus  it 
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is  the  practice  at  this  Station  to  cut  them  with  a  straight  corn- 
knife.  This  method  of  harvesting  is  slow  and  may  not  be 
practical  where  the  peas  are  raised  on  a  large  scale,  but  upon 
a  small  scale  it  is  the  most  satisfactory  method.  A  man  should 
harvest  and  shock  by  hand  about  one-half  acre  of  peas  in  a  day. 

The  difficulty  in  harvesting  cow-peas  by  machinery  is  due  to 
the  twining  habit  of  the  plant,  which  causes  it  to  run  and  en- 
twine together  from  row  to  row.  The  mowing-machine  with 
vine-lifters  attached  to  the  guards  may  be  used  in  harvesting 
the  cow-peas  for  seed,  but  one  objection  to  the  mowing-machine 
lies  in  the  fact  that  the  machine  and  horses  have  to  pass  over 
the  peas  while  in  the  swath,  which  shells  them  badly.  To  avoid 
this  a  bunching  or  windrowing  attachment  has  been  manu- 
factured to  attach  to  the  cutter-bar  of  the  mowing-machine, 
which  lifts  the  cow-peas  as  they  are  cut  off  by  the  mower  and 
carries  them  to  one  side,  leaving  them  directly  behind  and  out 
of  the  way  of  the  mower  on  the  next  round.  If  a  rolling-colter 
is  used  on  the  end  of  the  cutter-bar  to  cut  oflp  the  vines  that 
entwine  with  the  vines  of  the  uncut  row,  this  attachment  may 
give  satisfactory  results,  although  the  attachment  is  heavy  and 
is  hard  upon  the  mowing-machine  upon  which  it  is  used.  The 
Belf-rake  reaper  has  been  used  in  harvesting  peas  for  seed,  and 
is  quite  satisfactory. 

There  are  several  types  of  bean-harvesters  manufactured 
which  are  sometimes  used  in  harvesting  cow-peas.  The  most 
successful  of  these  harvesters  are  constructed  so  that  two  long 
knives  run  under  the  vines  cutting  off  the  stems  of  the  peas 
beneath  the  surface  of  the  ground.  These  machines  will  har- 
vest two  rows  of  peas  at  a  time  and  leave  the  vines  thrown 
together  in  one  windrow.  With  this  harvester  it  is  necessary 
to  have  rolling-colters  placed  outside  the  knives  to  cut  oflf  the 
vines  to  prevent  them  dragging  and  clogging  the  machine. 
This  machine  has  proven  very  satisfactory  for  harvesting  soy- 
abeans, but  the  cow-peas  clog  some,  and  the  horses  walking 
ahead  of  the  machine,  although  walking  between  the  rows, 
trample  some  of  the  vines  and  shell  the  peas.  When  cut  with 
the  bean-harvester  the  peas  are  thrown  into  a  fair-sized  wind- 
row, where  they  may  be  allowed  to  partially  cure.  One  day  in 
the  windrow  is  usually  sufficient.  The  peas  should  then  be 
placed  in  shocks  and  allowed  to  thoroughly  cure.  Three  or 
four  days  of  good  drying  weather  will  usually  cure  them  suffi- 
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Platb  IX.     Bean-harve0ter,  with  rolUns-eolter  attached  for  harveatins  cow-peat. 

ciently  in  the  shock  so  that  they  can  be  mowed  or  stacked. 
Since  cow-pea  hay  takes  water  very  easily,  the  stacks  should 
be  provided  with  some  form  of  covering.  The  usual  covering, 
and  one  that  is  very  satisfactory,  is  wild  grass  or  prairie  hay. 
(Plates  VIII  and  IX.) 

THRASHING  COW-PEAS. 

When  a  few  acres  of  cow-peas  are  grown  for  seed  the  most 
satisfactory  method  of  thrashing  is  with  the  flail.  This  method 
is  slow,  yet  one  man  can  flail  out  about  an  acre  of  peas  in  a  day, 
and  the  work  may  be  done  when  other  work  on  the  farm  is 
slack.  Flailing  out  cow-peas  will  cost  about  eight  to  ten  cents 
per  bushel  when  the  seed  crop  is  good,  and  may  cost  as  much  as 
twenty-five  cents  when  the  crop  is  poor.  Cow-pea  huUers  are 
manufactured  and  sold  upon  the  market  at  prices  ranging  from 
$300  to  $600,  exclusive  of  the  engine.  These  hullers  are  re- 
ported as  doing  satisfactory  work,  although  none  have  been 
tried  at  this  Station.  When  enough  cow-peas  are  raised  in  a 
neighborhood  to  justify  the  purchase  of  a  huller  this  is  un- 
doubtedly the  most  satisfactory  method  of  thrashing,  and  when 
peas  are  stacked  or  stored  in  the  bam  one  machine  should  be 
able  to  thrash  1500  to  2000  acres  in  a  season. 
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The  common  thrashing-machine  is  sometimes  used  for 
thrashing  cow-peas,  but  unless  adjustments  are  made  to  adapt 
it  to  thrashing  cow-peas  it  will  split  more  than  half  of  the  peas^ 
ruining  them  for  seed.  Different  thrashing-machine  companies 
make  attachments  for  the  common  giv  ..;-scparatcr  to  adjust  it 
for  thrashing  peas  and  beans,  but  the  trials  of  such  attach- 
ments at  this  Station  have  not  proven  successful;  either  the 
cow-peas  were  not  thrashed  clean  or  else  the  seed  was  badly- 
broken.  • 

Our  farm  foreman,  Mr.  Floyd  Howard,  has  made  adjust- 
ments to  the  bean-thrasher  attachment  for  the  Avery  sepa- 
rator so  that  we  were  able  to  thrash  cow-peas  this  past  season 
fairly  clean  and  with  no  more  cracking  of  the  peas  than  would 
occur  by  flailing.  Determinations  of  cracked  peas  of  average 
samples  of  the  different  varieties  as  they  came  from  the  sepa- 
rator showed  that  the  percentage  of  peas  cracked  ranged  from 
3  to  12  i)er  cent.  The  varieties  having  the  largest  sized  seed, 
like  the  Gray  Goose,  were  cracked  the  most,  while  the  varieties 
having  smaller  seed,  like  the  New  Era  and  Whippoorwill,  were 
cracked  the  least. 

The  attachment  adjusting  the  Avery  separator  for  thrashing 
cow-peas  reduces  the  speed  of  the  cylinder  and  at  the  same 
time  maintains  the  speed  of  the  rest  of  the  machine.  To  ac- 
complish this  the  speed  of  the  engine  is  reduced  so  as  to  turn 
the  cylinder  at  the  rate  of  500  revolutions  per  minute  (the 
usual  rate  for  thrashing  wheat  and  oats  being  from  1000  to 
1200  revolutions  per  minute) .  In  order  not  to  reduce  the  rate 
of  movement  of  the  rest  of  the  machine  it  is  necessary  to  in- 
crease the  size  of  the  pulleys  that  run  the  feeder,  fanning 
riddles,  cleaning  pans,  wind  stacker,  etc.  The  pulleys  were 
changed  as  follows:  Feeder,  from  5^  inches  to  12  inches; 
crank-shaft,  which  runs  the  riddles,  shaker,  grain  pan,  etc., 
from  5^  to  12  inches;  wind  stacker,  from  7  to  12  inches.  By 
these  adjustments  the  speed  of  the  separator,  except  the  cyl- 
inder, was  maintained.  All  of  the  cylinder  teeth  and  two  rows 
of  concaves  were  left  in  the  machine,  for  when  any  of  these 
were  taken  out  the  peas  were  not  thrashed  clean.  The  above 
changes  are  included  in  the  regular  attachment  furnished  by 
the  company.  It  was  found,  however,  that  the  peas  were  split 
badly  with  the  machine  thus  adjusted,  and  we  were  not  able  to 
do  satisfactory  work  until  Mr.  Howard  observed  that  most  of 
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the  peas  were  cracked  in  passing  through  the  grating  of  iron 
bars  directly  behind  the  cylinder.  This  grating  was  removed 
and  replaced  by  No.  8  wire  strung  from  two  to  three  inches 
apart  and  attached  at  the  top  and  bottom  to  the  bars  that  origi- 
nally held  the  grating.  With  this  adjustment  we  are  able  to 
thrash  cow-peas  successfully  with  our  Avery  separator. 

STORING  COW-PEA  SEED. 

Cow-pea  seed  can  be  stored  for  considerable  time  in  this  cli- 
mate without  much  danger  of  loss  of  vitality.  The  soy-bean 
is  difficult  to  keep  in  storage  in  large  quantities,  as  the  seed  fre- 
quently heats  badly.  However,  this  is  not  the  case  with  the 
cow-pea,  and  there  is  little  danger  of  heating  if  the  peas  are 
sufficiently  cured  in  the  mow  or  stack  before  thrashing.  Cow- 
pea  seed,  however,  is  subject  to  attack  from  insects,  and  espe- 
cially from  the  cow-pea  weevil,  a  beetle  dark  brown  in  color 
and  about  one-fifth  of  an  inch  long,  that  lays  its  eggs  upon  the 
newly  formed  pods  in  the  field.  These  eggs  hatch  and  the  larva 
eats  through  the  pod  and  enters  the  nearest  pea.  The  insect 
usually  lives  within  the  pea  until  after  the  pea  is  thrashed  and 
placed  in  storage,  when  with  a  suitably  warm  temperature  it 
comes  out  of  the  pea  as  a  mature  beetle  and  lays  its  eggs  upon 
other  stored  seed.  These  eggs  soon  hatch  and  produce  other 
larvae,  which  cause  further  destruction  of  the  peas.  There  may 
be  several  generations  of  these  beetles  in  a  single  year,  so  that, 
unless  precautions  are  taken  to  destroy  the  insect  as  soon  as 
possible  after  the  peas  are  placed  in  storage,  a  large  proportion, 
if  not  all,  of  the  peas  may  be  infested.  Peas  infested  with 
weevil  can  readily  be  discovered  by  throwing  them  lightly  into 
water,  when  the  infested  peas  will  float. 

Dr.  T.  J.  Headlee,  entomologist  of  this  Station,  in  speaking 
of  the  pea  weevil,  says  that  these  insects  are  so  easily  kept 
under  control  that  no  grower  should  lose  a  large  amount  of  seed 
as  a  result  of  their  work.  He  recommends  as  a  preventive 
measure  that  the  infected  seed  peas  be  treated  with  carbon 
bisulfid  as  soon  as  placed  in  storage,  followed  with  a  second 
treatment  two  or  three  weeks  later,  when  any  eggs  n6t  hatched 
at  the  time  of  the  first  treatment  will  have  hatched  and  may 
thus  be  destroyed. 

Carbon  bisulfid  costs  about  twenty  cents  a  pound,  and  that 
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Platb  X.     Showins  root  system  of  cow-peas   111   days  after 
planting.     Plants  from  adjacent  rows  three  feet  apart. 

amount  is  sufficient  to  treat  about  500  cubic  feet  of  peas.  The 
treatment  is  easily  made  if  the  peas  are  stored  in  bins  as  nearly 
air-tight  on  sides  and  bottom  as  possible.  The  carbon  bisulfid 
should  be  placed  in  a  dish  on  top  of  the  seed,  where  it  will 
evaporate,  and,  being  heavier  than  air,  will  sink  into  the  mass 
of  the  seed,  destroying  any  insects  present.  The  gas  diffuses 
equally  in  all  directions  through  the  seed  and  the  quantity  of 
carbon  bisulfid  to  be  used  must  be  determined  by  the  total  size 
of  the  bin.  There  is  no  danger  of  using  too  much  of  the  liquid. 
A  canvas  covering  may  be  thrown  over  the  surface  of  the  peas 
to  insure  a  more  perfect  confinement  of  the  gas  during  the 
treatment. 

Caution. — Great  care  is  necessary  in  using  carbon  bisulfid. 
It  is  a  highly  inflammable  gas,  and  no  fire  of  any  nature  should 
be  allowed  in  the  building  where  the  gas  is  being  used.  Care 
must  be  taken  not  to  enter  the  building  with  a  lighted  lantern. 
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pipe  or  cigar  until  after  the  building  has  been  thoroughly  aired. 
It  is  usually  best  to  fumigate  seeds  with  carbon  bisulfid  in  a 
granary  or  shed  removed  some  distance  from  other  large 
buildings,  but  with  proper  precautions  the  fumigating  may  be 
done  in  any  building. 

SUMMARY. 

1.  The  cow-pea  is  a  leguminous  crop  enabled  by  the  bacteria 
that  live  upon  its  roots  to  rtiake  use  of  the  nitrogen  of  the  at- 
mosphere and  store  it  in  the  soil  for  the  use  of  non-leguminous 
crops  like  wheat  and  com. 

2.  Cow-peas  make  nutritious  hay  relished  by  nearly  all 
classes  of  stock,  but  the  plant  is  a  rank  grower  and  the  hay  is 
somewhat  difficult  to  cure. 

3.  Cow-peas  planted  with  com  make  ensilage  of  higher  feed- 
ing value  than  com  alone,  being  richer  in  protein.  Cow-peas 
planted  with  com  produce  as  much  ensilage  per  acre  as  may  be 
produced  by  com  alone. 

4.  Cow-peas  planted  with  com  at  the  last  cultivation  in- 
creased the  yield  of  com  in  which  the  cow-peas  were  planted  by 
more  than  three  and  one-half  bushels  per  acre  as  an  average 
for  five  years. 

5.  Cow-peas  planted  as  a  catch-crop  between  crops  of  wheat 
in  continuous  wheat  growing  increased  the  yield  of  wheat  four 
and  one-third  bushels  per  acre*  as  an  average  for  five  years. 
Where  cow-peas  were  used  the  yield  of  wheat  has  continually 
increased.  Where  not  used  the  yield  of  wheat  has  continually 
decreased. 

6.  Cow-peas  used  as  a  catch-crop  after  wheat  in  rotation  of 
wheat  and  com  increased  the  yield  of  com  over  nine  bushels 
per  acre  as  an  average  for  four  years. 

7.  Cow-peas  have  proven  a  better  crop  than  soy-beans. 
They  are  more  sure  of  making  a  stand,  make  a  ranker  growth 
and  larger  yield  of  forage,  and  are  better  suited  for  planting 
with  com  for  ensilage  and  for  green  manuring  than  soy-beans. 

8.  The  following  varieties  of  cow-peas  have  given  the  best 
results :  For  hay,  Whippoorwill,  Mount  Olive,  New  Era,  and 
Gray  Goose;  for  ensilage,  Whippoorwill;  for  a  catch-crop 
after  wheat,  New  Era. 

9.  Cow-peas  will  grow  upon  a  poorly  prepared  seed-bed, 
but  they  respond  to  good  cultural  methods,  and  a  seed-bed  for 
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cow-peas  should  be  prepared  as  carefully  as  a  seed-bed  for 
com. 

10.  When  sown  broadcast  or  in  close  drills  cow-peas  do  not 
require  cultivation,  but  when  sown  in  rows  for  seed  they 
should  be  cultivated  in  about  the  same  manner  as  com.  Noth- 
ing is  gained  by  cultivating  cow-peas  after  the  blooming  period 
for  seed  production,  since  the  late  cultivation  produces  a  more 
vining  growth  and  delays  maturity. 

11.  The  best  method  of  planting  cow-peas  is  with  a  conmion 
grain-drill,  letting  all  seed-cups  run  when  planting  for  hay 
and  stopping  up  enough  of  the  cups  to  plant  in  rows  about 
three  feet  apart  when  planting  for  seed. 

12.  The  best  time  for  planting  cow-peas  in  central  Kansas 
is  from  May  25  to  June  10  for  seed,  and  about  one  week 
earlier  than  this  for  hay.  When  planting  with  com  for  en- 
silage the  combined  crop  planted  about  June  1  has  given  the 
best  results. 

13.  Cow-peas  should  be  cut  for  hay  when  the  first  pods  and 
some  of  the  leaves  are  turning  yellow.  For  seed  the  crop 
should  be  cut  when  most  of  the  pods  are  mature. 

14.  Cow-peas  can  be  harvested  for  seed,  in  a  small  way,  by 
hand ;  but  when  grown  in  large  areas  the  bean-harvester  and 
cow-pea  attachment  to  the  mowing-machine  may  be  used. 

15.  With  the  flail  is  the  most  satisfactory  way  of  thrash- 
ing cow-peas  unless  they  are  grown  in  areas  large  enough  to 
justify  the  purchase  of  a  pea-huUer  or  a  cow-pea  attachment 
to  the  grain-separator. 

16.  The  cow-pea  weevil  which  attacks  cow-peas  in  storage 
can  be  held  in  check  by  treating  the  stored  peas  with  carbon 
bisulfld. 
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MANUFACTURERS  OF  COW-PEA  MACHINERY. 


Bean-  and  PeorhaTveBUrs. 
C.  H.  Bidwdl  Thresher  Co., 

BatoTia,  N.  Y. 

Howland  Manufacturing  Co., 

Pontiae,  Mkh. 

Lehr  Amcultural  Co., 

Premofitt  Ohio. 

Sterling  Manufacturing  Co., 

SterUnff,  HL 

J.  S.  Rowell  Manufacturing  Co., 

B«aTer  Dam,  Wis. 

Le  Roy  Plow  Co., 

La  Boy.  N.  Y. 

Cardwell  Machine  Co., 

Blehmond,  Va. 
Ohio  Cultivator  Co., 

Balleview,  OUo. 

American  Harrow  Co., 

Detroit,    Mich. 

Reed  Manufacturing  Co., 

Kalamasoo,  Mieh. 


Gale  Manufacturing  Co., 

Albion.  Bfleh. 
Akron  Cultivator  Co., 

Akron,  Ohio. 

Caledonia  Bean  Harvester  Co., 

Caledonia,  N.  Y. 

Thomas  G.  Gordon  Co., 

EUsabeth  City,  N.  a 

Thorp  &  Sexton  Co., 

SaUsbnry,  Md. 

Nettleship  Bros., 

FayetteWUe,  Ark. 

BeanrkuUers, 
J.  L.  Owens  Co.. 

MinneapouB,  Minn. 

Engelberg  Huller  Co., 

Syraense,  N.  Y. 

Bean-piekerB, 

A.  T.  Perrill  &  Co., 

Savinaw,  MIeh. 

Miller  Bros., 

Boehestar.  BUeh. 

Nettleship  Bros., 

FayetteviUa,   Ark. 


Bean-  and  Peor^akers, 

Ohio  Rake  Co., 

Dayton,  Ohio. 

Dain  Manufacturing  Co., 

Olluukwa,  Iowa. 
Sandwich  Manufacturing  Co., 

Sandwich,  lU. 

Sterling  Manufacturing  Co., 

SterUi^,  HL 

Bean-eeparatora  and  Graders, 
Bacon  Manufacturing  Co., 

Pontiae,  Bfieh. 
Smith  Manufacturing  Co., 

Valois,  N.  Y. 

A.  T.  Perrill  Co., 

Sacrinaw,  Mieh. 

Beanrcleanera. 

A  P.  Dick^  Manufacturing  Co., 

Raeine,  Wis. 

A.  F.  Ferrill  Bianufacturing  Co., 

Safflnaw,  Midi. 

J.  L.  Owens  Manufacturing  Co., 
Minneapolii,  Bfinn. 

Johnson  &  Field  MTg  Co., 
Raeine,  Wis. 

Bean^  and  Pea-^brilU. 

Bacon  Manufacturing  Co., 

Pontiae,  Bfieh. 

Campbell  Com  Drill  Co., 

Harrison,  Ohio. 

Keystone  Farm  Machine  Co., 

York.  Pa. 

Deere  &  Mansur  Co., 

Molineb  HI. 

TwthTow  Bean^lantere. 
Deere  &  Mansur  Co., 

Molineb  HI. 

Moline  Plow  Co., 

MoUneb  HI. 

Parlin  &  Orendorff  Co., 

Molineb  m. 

Ohio  Rake  Co., 

Dayton,  Ohio. 


NOTE. 

The  machines  manufactured  by  the  above-named  companies,  as  a  rule, 
have  not  been  tested  by  this  Station.  The  list  is  as  complete  as  we  are 
able  to  give  from  our  present  knowledge  and  is  given  for  the  convenience 
of  those  intending  to  purchase  cow-pea  machinery.  Before  purchases  are 
made,  we  would  recommend  an  inv^gation  of  the  machines  manufac- 
tured by  the  different  companies. 
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The  Influence  of  Depth  of  Cultivation  upon 
Soil  Bacteria  and  Their  Activities. 

By 

Walter  E.  King,  Bacteriologist. 
Chablbs  J.  T.  DORYLAND,  Assistant  in  Soils. 


INTRODUCTION. 

There  ai'e  those  who  believe  that  future  work  in  soil  bac- 
teriology will  have  considerable  bearing  upon  the  problem  of 
maintaining  soil  fertility.  This  belief  is  founded  upon  the  ex- 
isting knowledge  of  soil  bacteria,  and  the  suggested  part  that 
bacterial  action  plays  in  preparing  the  soil  for  plant  growth. 

Granting  that  our  present  rather  limited  knowledge  por- 
tends to  show  that  soil  bacteria  and  their  activities  are  useful 
and  essential  attributes  of  fertile  soil,  it  seems  justifiable  that 
attempts  should  be  made  to  determine  the  influence  of  different 
conditions  upon  the  number  and  specific  activities  of  the  bac- 
teria living  in  various  types  of  soil. 

The  consideration  of  the  influence  of  depth  of  cultivation 
upon  the  soil  bacteria  and  their  activities  is  a  broad  subject, 
which  embraces  a  host  of  minor  problems.  The  whole  prob- 
lem can  be  determined  only  by  an  immense  amount  of  experi- 
mental work  and  years  of  patient  labor.  The  experiments  out- 
lined in  the  following  pages,  therefore,  must  be  considered  as 
preliminary  and  the  suggested  results  as  only  forerunners  of 
definite  conclusions. 

Part  I. 

PRELIMINARY  EXPERIMENTS. 
This  work  was  designed  and  carried  out  as  a  preliminary 
experiment  for  the  basis  of  further  research  in  soil  bacteri- 
ology under  field  conditions.  The  work  was  begun  on  March  7, 
1908,  and  was  continued  fifteen  weeks.  At  the  end  of  this 
time  the  plan  was  broadened  out,  including  more  details  of  soil 
conditions.  The  first  three  weeks  of  the  experiment  were  used 
in  determining  the  number  of  bacteria  in  the  soil  under  the 
existing  conditions,  so  that  the  comparative  results  by  differ- 
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ent  treatments  must  be  drawn  from  the  last  twelve  weeks' 
work. 

The  study  included  two  types  of  soil  as  nearly  opposite  in 
character  as  it  was  possible  to  secure.  Silt  loam  and  fine  sandy 
loam  were  selected.  The  silt  loam  is  situated  upon  the  upland 
Kansas  State  Agricultural  College  farm.  This  had  previously 
been  used  for  an  experimental  plot ;  the  year  previous  it.  was 
planted  to  com  but  received  no  special  treatment  or  dressing. 
The  sandy  loam  is  located  on  the  Kaw  river  bottom  close  to  the 
stream ;  it  had  previously  been  used  for  general  farming.  The 
fall  before  this  experiment  was  commenced  it  had  received  a 
liberal  dressing  of  straw  manure.  A  plot  42x42  feet  was 
laid  out  on  each  field.  The  one  on  silt  loam  was  called  B ;  the 
one  on  sandy  loam  was  called  A.  These  plots  were  subdivided 
into  six  smaller  plots,  and  called  IB,  2B,  3B,  etc.  Those  of  A 
were  likewise  named.  The  following  diagram  illustrates  the 
plan  of  each  plot : 

Plot  A. 


OA 

5A 

4A 

3A 

2A 

1  A 

42feetkmff. 
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Subplots  lA  and  IB  remained  in  the  original  condition 
and  received  no  treatment,  except  to  keep  the  weeds  down. 
This  was  done  by  shaving  them  off  at  the  surface  of  the 
ground  with  a  hoe.  The  remainder  of  the  subplots,  from  2 
to  6  of  both  A  and  B,  were  stirred  to  a  depth  of  two  inches 
after  every  rain,  as  soon  as  the  soil  was  dry  enough  to  till. 
Subplots  2,  3,  4,  5  and  6,  of  both  A  and  B,  were  plowed  to  a 
depth  of  two,  four,  six,  eight  and  ten  inches,  respectively. 

In  order  to  determine  the  influence  of  the  different  depths 
of  cultivation  on  the  number  of  bacteria,  six  samples  were 
taken  from  each  subplot  every  seventh  day.  These  samples 
were  taken  every  second  inch  to  the  depth  of  twelve  inches. 
The  estimates  are  given  as  so  many  million  bacteria  per  cubic 
centimeter.  The  high  bacterial  content  obtained  in  some  in- 
stances is  perhaps  due  to  the  methods  used  in  this  work.  The 
volumetric  method  of  collection  and  preparation  of  samples 
was  used  exclusively. 

At  the  same  time  that  samples  were  taken  for  bacterial  de- 
termination, samples  were  also  taken  to  determine  the  per 
cent,  of  moisture  in  the  surface  foot  of  the  soil.  Each  plot 
was  provided  with  a  thermometer,  so  that  the  temperature 
could  be  recorded  each  time  the  samples  were  taken.  The 
results  are  given  in  the  following  tables  (I  to  XII) : 


TABLE  I- 

Plot  A.    Check  plot  undiaturbed 

-Pine  sandy  loam  ( 

U.  S.  Sou  Survey). 

Number 

of  bacteria  ffiven  aa  milliona  per  cubic  centimeter. 

Per 

bf umber  of  bacteria  at  different  depths. 

Date. 

Plot 

Temp.. 

cent, 
wster. 

No. 
lA 

C. 

2in. 

4in. 

6  in. 

Sin. 

10  in. 

12  in. 

Mar.  19®.. 

10.0 

20.17 

9.70 

10.92 

8.64 

8.82 

4.74 

2.88 

••     25.... 

lA 

10.0 

20.10 

U.16 

14.26 

18.68 

8.00 

5.40 

2.62 

Apr.    2.... 

lA 

10.6 

20.10 

12.00 

16.00 

6.60 

6.60 

6.00 

2.40 

lA 

11.0 

20.26 

16.00 

10.80 

8.40 

6.00 

4.20 

3.00 

"      16.... 

lA 

14.9 

20.80 

11.40 

10.92 

16.80 

10.80. 

18.00 

6.46 

••     28... 

lA 

17.0 

24.60 

80.06 

12.06 

4.44 

8.60 

1.20 

1.20 

••     30... 

lA 

16.6 

24.60 

16.20 

18.00 

4.20 

8.20 

1.20 

1.20 

May     6.... 

lA 

17.6 

24.70 

16.00 

8.40 

8.40 

4.20 

4.80 

4.20 

••     18.... 

lA 

19.7 

26.00 

X 

X 

X 

X 

X 

X 

••     20... 

lA 

16.6 

25.40 

4.79 

6.88 

8.58 

4.18 

2.88 

.69 

••      27'I... 

lA 

18.6 

27.20 

18.72 

lost 

6.82 

2.40 

6.82 

1.10 

Jan.    2... 

lA 

20.0 

27.90 

22.00 

18.40 

6.40 

4.60 

7^40 

8.80 

••       9.... 

lA 

20.6 

25.20 

12.60 

7.20 

6.00 

4.20 

1.80 

.60 

Totals.. 
Av« 

178.68 

181.84 

92.46 

66.60 

62.44 

28.95 

rairefl. 



14.47 

11.94 

7.71 

5.66 

6.20 

1.41 

1.  Determinations  made  on  March  19  indicate  number  of  bacteria  at  besrinninff  of  experiment. 

2.  Samples  taken  after  field  had  been  saturated  for  several  days. 

Moisture  estimates  indicate  per  cent,  average  in  first  foot,  one  determination  beinsr  made  for 
all  pkyts. 

In  all  cases  "  x  "  indicates  a  spreading  growth  on  plate  cultures  which  prevented  counting 
of  colonies. 
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TABLE  n-PLOT  2A.    Stirred  to  the  depth  of  two  hichea. 

Per 

Number  of  bacteria  at  different  depths. 

Date. 

Plot 
Na 

Temp. 

cent. 

water. 

2  in. 

4  in. 

6in. 

8in. 

10  fa. 

12  m. 

Mar.  25.... 

2A 

10.0 

20.17 

18.82 

20.88 

10.06 

10.00 

1.98 

6.84 

Apr.    2.... 

2A 

10.5 

20.10 

14.40 

18.00 

18.00 

12.60 

2.40 

2.40 

^'       9.... 

2A 

11.0 

20.25 

11.40 

12.00 

9.86 

8.70 

7.20 

4.80 

•*     16.... 

2A 

14.9 

22.80 

10.80 

8.46 

4.26 

4.80 

1.20 

1.80 

;;  28.... 

2A 

17.0 

24.60 

11.40 

9.00 

29.52 

13.20 

18.60 

4.26 

••     80.... 

2A 

16.6 

24.50 

4.20 

6.60 

12.00 

7.80 

5.40 

2.40 

May     6.... 

2A 

17.5 

24.70 

16.40 

12.40 

9.20 

9.20 

6.80 

7.60 

•*      13.... 

2A 

19.7 

25.00 

X 

X 

X 

X 

X 

X 

*'     20.... 

2A 

16.6 

25.40 

2.98 

2.96 

3.58 

1.18 

1.18 

.68 

*'     27.... 

2A 

18.6 

27.20 

15.12 

13.50 

7.72 

2.92 

1.72 

2.82 

Jun.     2.... 

2A 

20.0 

27.90 

11.80 

17.20 

10.00 

1.00 

1.60 

2.20 

•*       9.... 

2A 

20.6 

25.20 

7.20 

6.80 

5.60 

2.80 

8.20 

1.20 

Totals.. 

119.02 

127.82 

119.26 

74.20 

5128 

36.50 

irases. 



Ave 

10.82 

11.62 

10.84 

6.74 

4.66 

3.31 

TABLE  in— Plot  8A.    Stirred  to  depth  of  four  faches. 


Date. 

Plot 

Temp. 

Per 

Number  of  bacteria  at  different  depths. 

No. 

cent. 

water. 

2  in. 

4  fa. 

6fa. 

8  in. 

10  fa. 

12  in. 

Mar.  25.... 

3A 

(See  plot  2A).... 

34.20 

42.80 

19.80 

17.28 

8.28 

4.68 

A^r.    2.... 

3A 

9.00 

16.20 

16.20 

14.40 

6.60 

3.00 

'^       9../. 

3A 

15.00 

28.20 

(D61.00 

10.80 

6.00 

5.40 

16.... 

8A 

4.80 

4.26 

9.00 

8.66 

1.92 

1.92 

"      23.... 

3A 

20.40 

22.32 

11.46 

9.00 

1.62 

5.62 

'*      30.... 

3A 

9.00 

2.60 

8.40 

240 

2.40 

.60 

May    6.... 

3A 

84.80 

35.20 

11.20 

2.62 

2.80 

6.40 

**      13.... 

8A 

X 

X 

X 

X                      X 

X 

••      20.... 

3A 

6.58 

5.96 

6.00 

8.98 

4.78 

0.58 

"      27.... 

8A 

16.72 

13.72 

10.10 

10.12 

4.10 

1.10 

Jun.    2 

8A 

14.20 

22.60 

9.40 

6.80 

4.00 

3.80 

*'       9.... 

8A 

4.80 

4.80 

6.00 

4.00 

1.20 

.40 

TotalB.. 
Ave 

169.60 

198.68 

168.66 

88.96 

48.70 

88.40 

raaree. 

15.40 

18.06 

15.82 

8.08 

3.97 

3.08 

1.  Bunch  of  manure  is  responsible  for  larse  number  of  bacteria. 


TABLE  IV— Plot  4A.    Stirred  to  depth  of  six  faches. 


Plot 
No. 

Per 

Number  of  bacteria  at  different  depths. 

Date. 

Temp. 

cent. 

water. 

2  in. 

4  in. 

6fa. 

8  fa. 

10  In. 

12  fa. 

Mar.  25.... 

4A 

(See  plot  2A.) 

11.04 

11.28 

8.16 

8.16 

5.28 

4.00 

Apr.    2.... 
^'       9.... 

4A 

12.00 

18.60 

27.40 

6.60 

4.20 

3.40 

4A 

9.00 

12.60 

14.40 

16.80 

9.60 

5.40 

"     16.... 

4A 

8.40 

19.82 

7.32 

6.60 

3.72 

1.92 

"     23.... 

4A 

10.32 

42.60 

39.66 

16.82 

7.80 

3.00 

"     80.... 

4A 

3.00 

6.00 

6.00 

2.40 

1.80 

.60 

May     6.... 

4A 

14.80 

15.60 

13.60 

2.20 

1.60 

2.80 

"     18.... 

4A 

X 

X 

X 

X 

X 

X 

*•     20.... 

4A 

5.96 

7.78 

(D20.96 

2.88 

8.58 

.96 

"     27.... 

4A 

16.72 

15.52 

10.10 

6.60 

2.82 

5.82 

Jun.     2.... 

4A 

11.60 

15.60 

8.00 

6.20 

.60 

2.80 

••       9.,.. 

4A 

8.60 

7.60 

6.40 

4.80 

.80 

.05 

Totals.. 
Ave 

106.46 

172.50 

162.02 

77.96 

41.80 

80.27 

raares 

9.67 

16.68 

14.78 

7.08 

8.75 

2.75 

1.  Bunch  of  manure  is  responsible  for  larse  number  of  bacteria. 
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TABLE  V 

-Plot  5 A.    Stirred  to  a  depth  of  eiflrht  inches. 

Per 

Namber  of  bacteria  at  certain  depths. 

DATS. 

Plot 
No. 

Temp. 

cent. 

water. 

2  in. 

4m. 

6in. 

8in. 

10  in. 

12  in. 

Mar.  26.... 

5A 

(See  plot 2 A).... 

7.92 

9.12 

6.72 

6.48 

4.66 

3.84 

A^r.    2.... 

5A 

12.40 

26.40 

(D42.00 

12.00 

7.00 

6.60 

5A 

8.40 

8.46 

8.40 

12.00 

6.00 

6.00 

••      16.... 

5A 

8.72 

12.06 

9.72 

10.82 

3.00 

3.60 

••     28... 

5A 

30.00 

16.32 

12.84 

8.58 

7.26 

9.06 

'•     80.... 

5A 

4.20 

2.40 

6.00 

12.60 

6.12 

.62 

May     6... 
"      13... 

5A 

8.88 

14.00 

15.60 

80.80 

6.80 

6.00 

5A 

X 

X 

11.96 

X 

X 

'     z 

••     20.... 

5A 

19.18 

8.40 

X 

18.78 

2.98 

8.68 

"      27.... 

5A 

6.00 

9.00 

17.82 

7.70 

lost 

7.70 

Jan.     2... 

5A 

11.20 

4.60 

11.80 

19.20 

2.00 

12.00 

9... 

5A 

9.60 

6.80 

12.60 

5.60 

.40 

1.20 

Totals.. 

121.50 

117.56 

154.96 

139.06 

46.12 

60.20 

Avo 

rajares 

11.04 

10.68 

14.09 

12.64 

4.61 

5.47 

1.  The  larse  namber  of  bacteria  isldue  tojnanare. 


TABLE  VI— Plot  6A.    Stirred  to  a  depth  often  inches. 


Datb. 

Plot 
No. 

Per 

Number  of  bacteria  at  different  depths. 

1    witter. 

2  in. 

4  in.            6  in. 
9.01     1      10.13 

Sin. 

10  in. 

12  in. 

Mar.  25.... 
Ai>r.    2... 

••    16..*!! 

"      28... 

*•      80... 
May     6.... 

••      13... 

••     20... 

••     27.... 
Jan.     2... 

••       9.... 

6A 
6A 
6A 
6A 
6A 
6A 
6A 
6A 
6A 
6A 
6A 
6A 

(See  plots 

JA).... 

9.12 
6.00 
7.20 
4.20 
6.72 
6.00 

(D 

9*58 

12.50 

4.00 

8.00 

78.82 

8.16 
6.40 
11.40 

^ 

18.75 
3.00 
15.60 

X 

7.78 
lost 
8.80 
4.40 

13.20 
4.00 
11.40 
16.20 
10.92 
5.40 
5.20 

12.58 
lost 
4.60 
2.40 

1.44 
3.60 
8.40 
5.62 
7.20 
6.60 
4.80 

X 

5.98 
8.32 
1.60 
5.60 

Totals.. 
Ave 

83.29 

85.90 

59.06 

rases. 

7.38 

9.27 

8.59 

5.37 

L  So  many  colonies  that  they  could  not  be  counted. 


TABLE  VII-Plot  B.    Check  plot  undisturbed. -Preliminary  experiment- 

If  arshall  silt  loam 

(U.  S.  Soil  Survey) 

.    Numbers  indicate  millions  of  bacteria 

per  cubic  centimeter 

Datb. 

Plot 

Temp. 

Per 
cent. 

Number  of  bacteria  at  different  depths. 

No. 
IB 

water. 

2  in. 

4  in. 

6in. 

8  in. 

10  in. 

12  in. 

Mar.  19... 

10.0 

21.87 

7.26 

8.96 

11.66 

4.21 

2.97 

2.65 

••    26.... 

IB 

9.2 

21.87 

9.06 

18.04 

9.36 

5.04 

2.52 

1.62 

Apr.    2.... 

IB 

10.0 

22.60 

4.30 

4.90 

7.80 

1.80 

4.20 

1.20 

••      9.... 

IB 

18.0 

22.25 

9.00 

18.60 

2.00 

2.40 

1.20 

2.40 

'•     16.... 

IB 

15.0 

23.80 

7.20 

12.00 

16.20 

8.40 

2.40 

.96 

*•    28.... 

IB 

14.9 

24.60 

10.20 

4.92 

5.40 

1.20 

3.06 

1.30 

'•    30.... 

IB 

14.0 

25.50 

12.24 

16.84 

4.92 

8.60 

3.60 

1.80 

May     6.... 
^^    18.... 

IB 

12.4 

25.70 

9.61 

9.60 

8.52 

9.12 

6.60 

2.40 

IB 

15.6 

25.90 

X 

X 

X 

X 

X 

X 

••    20.... 

IB 

19.4 

25.40 

7.80 

8.41 

4.20 

X 

.30 

.09 

•'    27.... 

IB 

19.0 

28.20 

10.00 

7.60 

1.60 

1.10 

.30 

.16 

Jan.    2 

IB 

18.0 

28.90 

6.40 

8.80 

1.00 

.60 

.80 

.50 

••      9.... 

IB 

20.0 

26.80 

25.20 

11.40 

9.60 

10.20 

8.60 

2.40 

Totals.. 
Ave 

118.29 

124.07 

81.76 

47.67 

81.05 

17.48 

races. 



9.85 

10.84 

6.81 

4.83 

2.58 

1.45 
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TABLE  Vm~PLOT  2B.    Stirred  to  depth  of  two  inchee. 


Per 

Number  of  bacteria  at  different  depths. 

Date. 

Plot 
No. 

Temp. 

cent. 

water. 

2  in. 

4  hi. 

6  m. 

8hi. 

10  hL 

12  hi. 

Mar.  25.... 

2B 

9.2 

21.87 

9.02 

6.72 

4.82 

2.88 

2.88 

3.24 

Apr.    2.... 

2B 

10.0 

22.60 

6.10 

5.40 

3.60 

2.40 

1.80 

1.20 

••       9.... 

2B 

13.0 

22.25 

18.60 

7.20 

7.20 

4.80 

2.40 

.60 

••     16.... 

2B 

15.0 

28.80 

10.80 

10.20 

16.00 

12.00 

12.00 

7.20 

•'      28.... 

2B 

14.9 

24.60 

8.64 

7.80 

1.20 

3.06 

.60 

.50 

•'      30.... 

2B 

14.0 

25.60   i 

6.90 

52.20 

6.20 

8.18 

.66 

1.86 

May     6.... 

2B 

12.4 

25.70 

12.60 

9.00 

10.20 

6.40 

9.18 

6.12 

•^    13.... 

2B 

15.6 

25.90 

X 

X 

X 

X 

X 

X 

•*      20.... 

2B 

19.4 

25.40 

8.40 

2.41 

1.20 

.66 

.12 

.06 

••      27.... 

2B 

19.0 

28.20 

4.00 

4.70 

.70 

.70 

l.SO 

.40 

Jon.     2 

2B 

18.0 

28.90 

18.60 

14.80 

1.00 

1.00 

.60 

.80 

"       9.... 

2B 

20.0 

26.80 

15.60 

11.40 

6.60 

4.20 

3.60 

1.80 

Totals. , 

114.26 

131.88 

67.22 

40.28 

84.94 

23.77 

Averaares 

10.38 

11.99 

5.20 

8.66 

8.17 

2.16 

TABLE  IX— Plot  SB.    Sthrred  to  depth  of  four  inches. 


Plot 
No. 

Temp. 

Per 

cent. 

Number  of  bacteria  in  different  depths. 

Date. 

water. 

2fai. 

4  hi. 

6hi. 

8  In. 

10  hi. 

12fai. 

Har.  25.... 

3B 

9.2 

21.89  ■ 

8.64 

6.96 

2.58 

2.18 

1.88 

3.24 

Apr.    2.... 
•^       9.... 

3B 

10.0 

22.60 

8.50 

12.60 

8.40 

1.80 

1.80 

6.60 

SB 

IS.O 

22.25 

7.20 

12.60 

5.40 

4.60 

4.60 

2.90 

••      16.... 

3B 

15.0 

23.80 

9.72 

10.32 

21.12 

20.40 

20.40 

9.60 

*'      23.... 

3B 

14.9 

24.60 

10.20 

6.00 

1.80 

1.80 

1.80 

1.86 

••      30.... 

SB 

14.0 

25.50 

10.20 

12.78 

13.26 

3.12 

3.12 

1.20 

May     6.... 

8B 

12.4 

25.70 

9.18 

9.72 

6.00 

6.60 

6.60 

9.00 

*•      13.... 

3B 

15.6 

26.90 

X 

X 

X 

X 

X 

X 

••      20.... 

SB 

19.4 

25.40 

4.80 

6.60 

1.80 

.27 

.27 

.21 

"      27.... 

SB 

19.0 

28.20 

10.70 

8.90 

10.70 

1.20 

1.20 

.10 

Jan.    2 

3B 

18.0 

28.90 

24.40 

11.60 

2.20 

.20 

.20 

.10 

9.... 

SB 

20.0 

26.80 

17.40 

16.80 

2.40 

9.00 

9.00 

6.60 

Totals.. 

121.94 

114.88 

75.61 

51.17 

60.37 

35.41 

raares. 

Ave 

11.08 

10.44 

6.87 

4.66 

4.68 

3.21 

TABLE  X— Plot  4B.    Stirred  to  a  depth  of  six  inches. 


Per 

Number  of  bacteria 

in  certain  depths. 

Date. 

Plot 
No. 

Temp. 

cent. 

water. 

2  in. 

4  in. 

6in- 

8  hi. 

10  in. 

12  in. 

Mar.  25.... 

4B 

9.2 

21.87 

4.36 

4.32 

12.96 

6.04 

8.60 

8.60 

Apr.    2.... 
^'       9.... 

4B 

10.0 

22.60 

5.40 

7.80 

9.00 

1.80 

1.80 

1.20 

4B 

13.0 

22.25 

12.00 

17.40 

19.20 

4.20 

4.80 

1.20 

••     16.... 

4B 

15.0 

28.80 

8.64 

15.12 

18.60 

12.06 

9.06 

(D16.26 

"     23.... 

4B 

14.9 

24.60 

6.12 

3.60 

4.32 

.60 

.48 

1.14 

•'      30.... 

4B 

14.0 

25.50 

9.00 

5.10 

4.82 

6:48 

3.00 

.59 

May     7.... 

4B 

12.4 

25.70 

6.72 

4.80 

8.90 

8.60 

6.78 

4.82 

"      14.... 

4B 

15.6 

25.90 

x 

X 

X 

X 

X 

X 

"     21.... 

4B 

19.4 

25.40 

14.40 

8.40 

8.00 

.44 

.43 

.89 

"     28.... 

4B 

19.0 

28.20 

10.20 

6.60 

3.50 

3.60 

.16 

.36 

Jun.     3 

4B 

18.0 

28.90 

16.80 

16.90 

17.20 

1.60 

.40 

.20 

"     10.... 

4B 

20.0 

26.80 

17.40 

9.00 

9.60 

5.40 

8.00 

6.60 

Totals.. 
Ave 

108.04 

98.04 

106.60 

49.67 

88.51 

36.88 

rasres. 

9.82 

8.91 

9.69 

4.51 

8.04 

8.28 

1.  No  adequate  reason  can  be  given  for  the  exceptionally  high  number. 
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TABLE  XI-Plot  6B.    Stirred  to  depth  of  8  inches. 

Per 

cent, 
water. 

Number  of  bacteria  in  different  depths. 

Datk. 

Plot 
No. 

Temp. 

•2  in. 

4  in. 

6  in. 

8  in. 

10  in. 

12  in. 

Mar.  25.... 

5B 

9.2 

21.87 

8.82 

8.20 

8.64 

8.52 

8.28 

2.52 

Apr.    2.... 
'^       9.... 

6B 

10.0 

22.60 

6.00 

7.20 

7.40 

8.00 

2.40 

1.20 

6B 

18.0 

22.26 

18.00 

19.80 

9.00 

4.20 

3.60 

.60 

••      16.... 

6B 

16.0 

28.80 

7.26 

13.32 

18.20 

4.26 

3.60 

7.80 

'•     23.... 

6B 

14.9 

24.60 

7.20 

4.20 

4.80 

1.80 

8.50 

4.20 

"      30... 

5B 

14.0 

26.50 

16.32 

18.60 

14.84 

9.20 

.80 

1.20 

Mmy     6.... 

5B 

12.4 

25.70 

10.82 

9  00 

11.40 

10.30 

7.20 

6.60 

"      14... 

5B 

16.6 

26.90 

X 

X 

X 

X 

X 

X 

•'     21.... 

6B 

19.4 

26.40 

X 

X 

6.00 

9.60 

.16 

.28 

•*      28.... 

6B 

19.0 

28.20 

14.80 

8.30 

7.70 

2.30 

1.70 

1.10 

Jun.    8 

5B 

18.0 

28.90 

4.00 

19.60 

10.60 

2.00 

.10 

.90 

'•      10.... 

5B 

20.0 

26.80 

9.00 

27.00 

12.60 

4.80 
69.98 

4.20 

1.20 

Totals.. 

101.22 

136.22 

106.18 

40.64 

27.55 

raires. 

Ave 

10.12 

13.52 

9.65 

5.45 

3.68 

2.50 

TABLE  Xn— Plot  6B.    Stirred  to  a  depth  of  ten  inches. 


Plot 
No. 

Per 

Number  of  bacteria  in  different  depths. 

Date. 

Temp. 

cent. 

water. 

2  in. 

4  in. 

6  in. 

8  in. 

10  in. 

12  in. 

Mar.  25... 

6B 

9.2 

21.87 

2.88 

8.60 

19.64 

2.88 

2  52 

1.42 

Apr.    2.... 

6B 

10.0 

22.60 

2.40 

8.40 

3.20 

8.60 

14.40 

2.40 

••       9.... 

6B 

18.0 

22.25 

7.20 

6.60 

7.80 

7.90 

7.20 

6.60 

*•     16.... 

6B 

15.0 

23.80 

10.20 

24.60 

27.00 

12.06 

12.00 

12.00 

•'     23.... 

6B 

14.9 

24.60 

9.18 

13.20 

6.06 

1.00 

.30 

.20 

*•     30... 

6B 

14.0 

26.50 

6.52 

18.88 

16.64 

6.00 

6.60 

.80 

May    7... 

6B 

12.4 

25.70 

3.18 

10.80 

12.00 

7.80 

8.40 

6.60 

••     14.... 

6B 

15.6 

26.90 

X 

X 

X 

X 

X 

X 

••     21.... 

6B 

19.4 

26.40 

3.00 

3.00 

4.20 

3.00 

4.80 

3.60 

'•     28... 

6B 

19.0 

28.20 

6.60 

9.00 

9.50 

3.50 

1.10 

1.70 

Jun.    8 

6B 

18.0 

28.90 

1.00 

16.40 

16.00 

9.40 

.80 

.60 

•'     10.... 

6B 

20.0 

26.80 

6.60 

11.40 

16.00 

15.00 

7.20 

6.40 

Totals.. 

57.66 
5.24 

124.88 
11  36 

137.04 
12.46 

72.14 
6.66 

64.32 
5.85 

41.82 

Avoasee 

3.75 

The  great  variation  in  the  results  is  at  once  apparent.  This 
fluctuation,  however,  generally  occurs  in  quantitative  soil  bac- 
teriological work.  Samples  taken  100  feet  apart  may  often 
show  a  variation  of  20  to  40  per  cent.,  while  those  taken  from 
the  same  depth,  only  a  few  feet  apart,  may  vary  from  10  to  20 
per  cent.  Commencing  at  the  surface,  bacteria  increase  in 
number  up  to  the  fifth  or  sixth  inch,  depending  upon  the  depth 
of  plowing,  then  rapidly  decrease,  and  disappear  at  a  depth 
of  about  seven  feet  below  the  surface  foot. 

Some  of  the  exceptional  irregularities  in  the  table  can  be 
explained.  For  instance,  on  April  23,  plot  2A  showed  twenty- 
nine  million  bacteria  per  cubic  centimeter  at  six  inches,  thir- 
teen million  at  eight  inches,  and  eighteen  million  at  ten  inches 
in  depth.    These  high  numbers  are  due  to  a  portion  of  manure 
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which  had  been  plowed  under  the  year  previous  and  had  not 
entirely  decayed.  The  piece  of  manure,  to  all  appearances, 
had  been  pressed  into  some  rodent's  runway  by  the  horses' 
hoofs.  The  average  depth  of  the  previous  plowing  was  ap- 
proximately four  inches.  The  same  thing  occurred  in  the 
samples  taken  on  the  same  day  on  plot  4A.  The  number  of 
bacteria  reached  forty-two  million  per  cubic  centimeter  in  the 
fourth  inch  and  thirty-nine  million  per  cubic  centimeter  in  the 
sixth  inch.  Again,  on  April  9,  plot  3A  showed  sixty-one  mil- 
lion per  cubic  centimeter  in  the  sixth.  This  was  also  due  to 
manure.  Another  factor  which  probably  induced  these  large 
numbers  was  the  increased  temperature,  followed  by  a  warm 
two-inch  rain  which  fell  about  twenty-four  hours  before  the 
samples  were  taken.  This  view  is  strengthened  by  glanc- 
ing through  the  twelve  tables  and  comparing  estimates  for 
April  23.  The  sandy  soils,  which  allowed  a  rapid  percolation 
of  water,  showed  a  marked  increase  in  number  of  bacteria, 
even  in  the  tenth  and  twelfth  inches,  but  the  more  tenacious 
silt  soils  showed  a  decrease  in  the  number  of  bacteria.  The 
temperature  of  the  silt  during  the  preceding  week  was  15  de- 
grees C,  while  on  April  23  it  had  fallen  to  14.9  degrees  C. 
The  temperature  of  the  sand  was  14.9  degrees  on  April  16, 
while  on  April  23  it  had  risen  to  17  degrees  C.  Plot  4B  shows 
an  unaccountable  high  number  in  the  twelfth  inch  on  the  16th 
of  April. 

The  tables  show  that  the  number  of  bacteria  increased  and 
diminished  with  more  or  less  regularity.  It  was  also  observed 
on  the  plate  cultures  that  one  species  of  bacteria  would  pre- 
dominate, and  at  times  almost  entirely  exclude  other  species. 
For  instance,  on  April  9  the  sixty-one  million  count  consisted 
almost  entirely  of  minute  oval  colonies,  all  of  which  were  ap- 
parently of  one  species. 

On  May  13  both  plots  A  and  B  gave  results  that  were  ex- 
ceptional. On  the  plate  cultures  there  were  innumerable  tiny 
colonies  so  closely  set  that  they  could  not  be  accurately  esti- 
mated. However,  estimates  placed  them  at  one  hundred  mil- 
lion per  cubic  centimeter.  One  week  later.  May  20,  all  the 
plots  showed  a  marked  decrease  in  the  number  of  organisms. 
This  was  perhaps  due  to  the  excessive  moisture,  the  ground 
having  been  completely  saturated  for  several  days ;  neverthe- 
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less,  the  growth  on  the  agar  plates  was  apparently  all  of  one 
species. 

The  influence  of  moisture  is  perhaps  best  shown  by  the  re- 
sults obtained  between  May  20  and  June  2.  During  this  time 
the  soil  was  more  or  less  saturated.  It  will  be  noticed  that  the 
number  of  bacteria  diminished  quite  markedly  during  this 
period,  and  rose  again  on  June  2  nearly  to  its  former  height, 
followed  by  a  decrease  on  June  9.  This  was  after  the  per  cent, 
of  moisture  in  the  sandy  soil  had  fallen  from  27.9  to  25.2  per 
cent.,  and  from  28.9  to  26.8  in  the  silt. 

A  better  idea  of  the  influence  of  deep  plowing  can  be  ob- 
tained by  arranging  the  averages  of  tables  from  1  to  6  in  one 
table  and  the  averages  from  tables  7  to  12  in  another  and  com- 
paring the  results : 

TABLE  Xin.    Sandy  loero. 


Depth  of  sample. 

lA. 
Undis- 
turbed. 

2A. 

Stirred 

2  in. 

8A. 

Stirred 

4fa. 

4A. 

Stirred 
6  in. 

6A. 

Stirred 

8  in. 

6A. 
Stirred 
10  in. 

2  iocbea. 

14.47 
11.94 
7.71 
5.56 
5.20 
2.41 

10.82 
U.62 
10.84 
6.74 
4.66 
8.81 

15.40 
18.06 
16.82 
8.08 
8.97 
8.06 

9.67 
16.68 
14.78 
7.08 
8.76 
2.75 

11.04 
10.68 
14.09 
12.64 
4.19 
6.47 

7  38 

9  01 

6     ••     

10.18 

8     ••     

9  27 

10     '•     

8.69 

12     •'     

6  87 

47.28 

47.99 

68.86 

68  66 

68.11 

49.70 

TABLE  XIV.    SiH  loam. 


ATeraire  number  bacteria. 

Depth  of  sample. 

IB. 
Undis- 
torbed. 

2B. 

Stirred 

2in. 

8B. 

Stirred 

4  in. 

4B. 

Stirred 
6  in. 

6B. 

Stirred 

8  in. 

6B. 
Stirred 
10  in. 

2  inches. 

9.86 
10.34 
6.81 
4.38 
2.68 
1.46 

10.88 
11.99 
6.20 
8.66 
8.17 
2.16 

11.06 
10.44 
6.87 
4.66 
4.68 
8.21 

9.82 
8.91 
9.69 
4.61 
8.04 
8.26 

10.12 
18.62 
9.66 
6.45 
3.68 
2.60 

5  24 

4     •• 

11.36 

6     "     

12.46 

8     ••     

6.66 

10     ••     

6  85 

12     ••     

3.75 

86.36 

86.56 

40.83 

39.28    1      44.92 

46.20 

The  average  in  tables  XIII  and  XIV  does  not  give  the  total 
number  of  bacteria  in  a  surface  foot  of  soil,  but  shows  the 
ratio  of  the  number  of  bacteria.  For  instance,  in  table  XIII 
(sandy  soil)  the  sum  of  the  averages  for  the  unstirred  check 
plot  was  47.28  million.    The  bacterial  contents  of  3A,  4A  and 
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5A,  stirred  four,  six  and  eight  inches  deep,  were  63.86,  53.66 
and  58.11  million,  respectively.  In  the  plot  which  was  stirred 
ten  inches  deep  the  number  was  slightly  less  than  in  the  plot 
which  was  stirred  four  inches  deep.  The  plots  which  were 
plowed  to  a  depth  of  two,  four,  six,  eight  and  ten  inches  showed 
an  increase  in  the  number  of  bacteria  of  0.71, 16.58,  6.38,  10.83 
and  2.42  millions  per  cubic  centimeter,  respectively. 

Upon  examination  of  table  XIV  it  will  be  found  that  in  the 
silt  soil  the  increase  in  the  number  of  bacteria,  due  to  deeper 
plowing,  is  not  so  rapid  as  in  the  sandy  soil,  but  much  more 
uniform.  Commencing  with  plot  2B,  the  number  of  bacteria 
shows  a  gradual  increase  from  1.20  million  in  the  two-inch 
plowing  to  9.84  million  in  the  ten-inch  plowing. 

The  percentage  of  increase  of  bacterial  content  is  shown  in 
table  XV. 

TABLE  XV. 


Subplot  number. 

Sum  of 
the  av- 
erages. 

Depth  of  cultivation. 

Percent- 
age of 
increase. 

lAaand 

47.28 
35.86 
47.99 
36.66 
63.86 
40.83 
53.66 
89.23 
58.11 
44.92 
49.70 
45.20 

Check,  undisturbed 

100.00 

IB  Bilt. 

100.00 

2A8and 

Plowed  two  inches  deep 

101.50 

2B8ilt. 

108.89 

3  A  8nnd 

* '      four     "        '  *     

135.06 

3B  silt. 

. .        i.        .  <        .  < 

U5.46 

4ABaiid 

••      six      "        "     

113.58 

4B  silt 

.  i        . .        .  *        f 

110.94 

BAsand 

"     eieht    '*        " 

122.90 

5B  silt. 

t  •     '"p."''    • .        < . 

124.20 

eAsand 

*•      ten      "        "     

105.11 

BBsilt 

126.89 

From  the  results  in  table  XV  it  appears  that  extra  deep 
cultivation  tends  to  greater  increase  in  numbers  of  bacteria 
upon  the  tenacious  silt  soil  than  upon  the  more  porous  sandy 
soils.  This  effect  in  favor  of  the  silt  soil  is  perhaps  due 
largely  to  the  increased  aeration.  At  the  same  time  it  is  well 
to  observe  that  the  silt  soil  had  previously  been  plowed  about 
six  inches  deep,  while  the  sandy  soil  had  been  plowed  on  an 
average  of  four  inches  deep.  Hence,  in  stirring  the  silt  soil 
ten  inches  deep,  four  inches  of  new  soil  were  exposed,  while 
with  the  sandy  soils  that  were  stirred  the  same  depth  six 
inches  of  new  soil  were  brought  into  action.  This  deep  plow- 
ing would  tend  to  place  the  surface  soil,  high  in  humus  con- 
tent, at  a  depth  that  is  less  favorable  for  highest  bacterial  de- 
velopment and  at  the  same  time  place  the  previously  unstirred 
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soil,  of  low  humus  content,  in  the  most  favorable  growing 
area. 

If,  however,  the  field  were  stirred  to  a  depth  of  ten  inches 
for  several  years,  so  as  to  incorporate  humus  into  the  surface 
t^n  inches  of  soil,  it  is  reasonable  to  suppose  that  extra  deep 
plowing  might  be  more  favorable  for  the  development  of  bac- 
teria in  the  sandy  soil  than  it  appears  to  be  from  the  above 
table.  At  the  same  time,  however,  several  years  of  deep  plow- 
ing would  also  be  more  beneficial  to  bacterial  development  in 
the  heavier  soils. 

These  preliminary  experiments  show  that  when  plowed  land 
is  compared  with  unplowed  land  it  is  found  that : 

Silf^ 

Plowed    4  inches  deep  increases  the  number  of  bacteria 15.46% 

Plowed    6  inches  deep  increases  the  number  of  bacteria 10.94 

Plowed    8  inches  deep  increases  the  number  of  bacteria 24.20 

Plowed  10  inches  deep  increases  the  number  of  bacteria 26.89 

Sand- 
Plowed    4  inches  deep  increases  the  number  of  bacteria 35.06% 

Plowed    6  inches  deep  increases  the  number  of  bacteria 13.53 

Plowed    8  inches  deep  increases  the  number  of  bacteria 22.90 

Plowed  10  inches  deep  increases  the  number  of  bacteria 5.11 
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Part  II. 

CONTINUATION  OF  THE  EXPERIMENTS. 

On  June  20,  1908,  the  experiments  were  continued,  and  de- 
terminations were  made  according  to  the  following  plan : 

PLOT  A      <42x42  feot). 


Subplot  A1. 
Six  samples  to  be  taken  every 
14  days,  volumetric  method. 
(Undisturbed.)      (See  note.) 

Subplot  A1. 
Six  samples  to  be  taken  every 
14  days,  volumetric  method. 
(Unstirred.) 

A2. 
Six  samples  to  be  taken  every 
14  days,  volumetric  method. 
(Stirred  2  Inches.) 

A2. 
Six  samples  to  be  taken  every 
14  days,  volumetric  method. 
(Stirred  2  Inches  on  March 
18  and  June  20.) 

A3. 
Six  samples  to  be  taken  every 
14  days,  volumetric  method. 
(Stirred  4  Inches  on  March 

18.) 

AS. 
Six  samples  to  be  taken  every 
14  days,  volumetric  method. 
(Stirred  4  Inches  on  March 
18  and  June  20.) 

A4. 
Six  samples  to  be  taken  every 
14  days,  volumetric  method. 
(Stirred  6  Inches  on  March 
18.) 

A4. 
Six  samples  to  be  taken  every 
14  days,  volumetric  method. 
(Stirred  6  inches  on  March 
18  and  June  20.) 

A5. 
Six  samples  to  be  taken  every 
14  days,  volumetric  method. 
(Stirred  8  Inches  on  March 

18.) 

A6. 
Six  samples  to  be  taken  every 
14  days,  volumetric  method. 
(SUrred  8  Inches  on  March 
18  and  June  20.) 

A6. 
Six  samples  to  be  teken  every 
14  days,  volumetric  method. 
(Stirred  10  Inches  on  March 
18.) 

A6. 
Six  samples  to  be  taken  everv 
14  days,  volumetric  method. 
(Stirred  10  Inches  on  March 
18  and  June  20.) 

Note. — Eighteen  samples  taken  by  gravimetric  method  and  eighteen 
samples  by  volumetric  method  at  the  same  time  and  place. 

One-half  of  each  subplot  in  A  and  also  one-half  of  each  sub- 
plot in  B*  were  replowed  to  the  same  depth  as  on  March  18,  in 
order  to  see  if  further  stirring  of  the  soil  would  increase  the 
number  and  activities  of  the  soil  organisms. 

The  purpose  of  taking  gravimetric  samples  was  to  obtain  re- 
sults which  would  afford  a  basis  for  a  comparison  of  the  two 
methods  of  soil  sampling.  The  gravimetric  or  weighed  sam- 
ples were  secured  from  the  same  plots  and  at  the  same  depth 

♦  Plot  B,  42  X  42  feet,  duplicate  of  Plot  A. 
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and  place  as  the  volumetric  or  measured  samples.  There  were 
two  sets  of  gravimetric  samples  taken,  in  order  to  determine 
whether  drying  materially  decreased  the  number  of  bacteria 
per  gram.  One  set  of  gravimetric  samples  with  duplicates  was 
taken  immediately  to  the  right  of  the  volumetric  samples ;  the 
other  set  with  duplicates  was  taken  immediately  to  the  left  of 
the  volumetric  samples,  so  as  to  obtain  under  the  same  condi- 
tions, as  nearly  as  possible,  the  same  type  of  soil. 

The  method  employed  for  taking  and  caring  for  individual 
samples  will  be  discussed  under  "Quantitative  Bacteriological 
Analysis."  After  taking  the  samples  to  the  laboratory,  one 
gravimetric  set  with  duplicates  was  immediately  subjected  to 
culture  tests;  the  other  set  with  duplicates  was  placed  between 
sheets  of  sterile  filter-paper  until  air  dry.  Twenty-four  hours 
was  found  sufficient  for  that  purpose.  They  were  then  treated 
as  were  the  other  samples. 

BACTERIAL  ACTIVITIES  AND  INFLUENCING  CONDITIONS. 

In  order  to  find  the  influence  of  aeration  upon  the  biochemic 
characters  of  bacteria,  determinations  were  made  of  the  pro- 
duction of  ammonia,  reduction  of  nitrates  to  nitrites,  and  the 
production  of  gas  in  one-per-cent.  solutions  of  glucose,  lactose 
and  saccharose  bouillon. 

Ammonia  Production. — The  relative  amounts  of  ammonia 
in  the  different  samples  of  soil  were  determined  in  the  follow- 
ing way:  One  cubic  centimeter  of  soil  was  completely  sus- 
pended in  nineteen  cubic  centimeters  of  sterile,  ammoniarfree, 
distilled  water.  Two  cubic  centimeters  of  this  soil  suspension 
were  transferred  to  fifty  cubic  centimeters  of  nutrient  agar, 
having  a  reaction  of  1.5  acid  to  phenolpthalein.  The  agar  was 
distributed  in  Erlenmeyer  flasks  of  250  cc.  capacity.  The 
flasks  were  then  closed  and  allowed  to  stand  for  five  days.  At 
the  end  of  that  time  ten  cubic  centimeters  of  sterile,  nitrogen- 
free  water  were  introduced  and  allowed  to  stand  for  ten  min- 
utes. It  was  then  drawn  off  and  tested  for  ammonia  with 
Nessler's  solution.  The  color  reaction  was  compared  with 
standard  solutions  and  the  results  recorded  as  so  many  parts 
of  ammonia  per  million.  These  standard  solutions  were  pre- 
pared by  placing  fractional  percentages  of  ammonium  chloride 
in  nitrogen-free  water. 

Gas  ProdMction. — The  production  of  gas  was  determined  in 
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the  usual  way  by  using  the  common  sugar  bouillon  media  in 
fermentation  tubes,  each  of  which  were  inoculated  with  two 
cubic  centimeters  of  soil  suspension. 

Reduction  of  Nitrates  to  Nitrites. — ^The  denitrifying  prop- 
erties, or  reduction  of  nitrates  to  nitrites,  were  determined  by 
inoculating  with  2  cubic  centimeters  of  soil  suspension,  10  cubic 
centimeters  of  Witte's  peptone  medium,  which  contained  0.2 
gram  of  potassium  nitrate  per  1000  cubic  centimeters.  The 
tubes  were  allowed  to  stand  for  five  days  and  then  tested  for 
nitrites  by  the  addition  of  sulfanilic  acid  and  naphthylamine 
chlorid.  The  results  were  compared  with  a  standard  and  re- 
corded as  so  many  parts  of  nitrites  per  million. 

Temperature. — In  the  preliminary  work  the  temperature  was 
recorded  for  the  surface  foot,  but  commencing  with  July  6, 
the  temperature  was  recorded  for  each  successive  second  inch 
up  to  one  foot,  or  for  each  soil  sample  taken. 

Acidity  of  Soil. — ^At  the  beginning  of  the  experiment  the 
soil  showed  acid  to  litmus  at  the  end  of  thirty  minutes,  while 
at  the  end  of  the  experiment  it  showed  acid  to  litmus  at  the 
end  of  ten  minutes. 

Field  Notes. — The  condition  of  the  soil  surface,  the  time 
which  had  elapsed  since  the  last  rain,  the  amount  of  precipita- 
tion, and  other  factors  such  as  masses  of  undecomposed  or- 
ganic matter,  plowed  soil,  unstirred  subsoil  and  burrows  or 
heavy  roots  were  recorded  when  samples  were  taken. 

Mechanical  Analyses. — ^A  mechanical  analysis  was  made  of 
each  of  the  two  plots  of  soil  under  observation.  The  results  of 
these  analyses  were  as  follows : 

SILT  SOIL,  PLOT  B. 

Humus 3.15  per  cent. 

Volatiles 4.86 

Pine  gravel 00 

Coarse  sand 20 

Medium  sand 26 

Fine  sand 46 

Very  fine  sand 24.16 

Silt 38.91 

Clay 28.00 

Total 100.00  per  cent 
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SANDY  SOIL,  PLOT  A. 

Humus 3.25  per  cent. 

Volatiles. 5.86  " 

Fine  gravel 00  " 

Coarse  sand 28  " 

Medium  sand 38  " 

Fine  sand 3.72  " 

Very  fine  sand .' 64.80 

Silt 17.18  '   " 

Clay 4.53 

Total 100.00  per  cent. 

Number  and  Manner  of  Taking  Samples. — From  each  half 
of  the  subplots  which  were  plowed  on  March  18,  and  from  each 
half  of  the  subplots  which  were  plowed  on  March  18  then  re- 
plowed  on  June  20,  six  samples  for  bacterial  determination 
were  taken  every  fourteenth  day.  Six  samples  with  duplicates 
for  volumetric  bacterial  determination  were  taken  from  check 
plot  Al  and  the  same  number  from  check  plot  61. 

QUANTITATIVE  BACTERIOLOGICAL  ANALYSIS. 

One  of  the  diflScult  problems  in  soil  bacteriological  technique 
is  that  relating  to  the  proper  method  of  taking  and  measuring 
samples  for  quantitative  determination.  It  is  the  general  cus- 
tom of  bacteriologists  to  compare  the  number  of  bacteria  per 
gram  of  dry  soil.  This  is  sometimes  called  the  gravimetric  or 
gram  method. 

In  the  present  experimental  work  the  volumetric  method  has 
been  used.  One  cubic  centimeter  of  soil  was  placed  in  a  sterile 
test-tube  to  which  was  added  19  cc.  of  sterile  distilled  water. 
This  was  shaken  for  five  minutes,  and  from  each  tube,  by  means 
of  a  sterile  platinum  loop,  which  was  constructed  and  gradu- 
ated to  hold  one  cubic  millimeter  of  water,  approximately  one 
cubic  millimeter  of  the  soil  suspension  was  transferred  into 
10  cc.  of  sterile  liquefied  agar.  The  inoculated  medium  was 
then  poured  into  a  sterile  Petri  dish.  This  method  is  un- 
doubtedly inaccurate,  as  it  is  difficult  to  measure  such  sub- 
stances as  soil  in  terms  of  cubic  centimeters.  However,  for  the 
purpose  of  securing  comparative  results,  as  in  the  present 
work,  either  method  may  be  used.  In  other  words,  the  com- 
parative number  of  bacteria  in  soil  which  has  been  plowed  two, 
four,  six,  eight,  ten  and  twelve  inches  deep  may  be  found  by 
either  the  volumetric  or  gravimetric  method  and  expressed  as 
so  many  bacteria  per  cubic  centimeter  or  per  gram.  The  final 
results  would  appear  to  be  correct  so  long  as  one  or  the  other 
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method  of  collecting  samples  is   followed  with  uniformity 
throughout  the  work. 


4\ 


Fig.  1.    Soil  Sampler. 
OBTAINING  SAMPLES,   AND  BACTERIOLOGICAL  TECHNIQUE. 

The  field  outfit  used  in  the  work  consisted  of  a  small  steel 
soil  sampler,  a  spade,  a  measure,  a  sample  case  and  a  gasoline 
blow-torch.  The  soil  sampler  (fig.  1)  is  made  of  steel  and 
consists  of  a  steel  tube  seven  centimeters  long  with  an  inside 
diameter  of  three-eighths  inch  and  an  outside  diameter  of 
seven-sixteenths  inch.  The  plunger  (D),  with  a  plunger-rod 
one-eighth  inch  in  diameter,  is  connected  with  the  cylinder 
through  a  one-eighth  inch  hole  (B),  and  is  clamped  and  held 
at  the  desired  place  by  the  set-screw  (D).  The  plunger-head 
(A)  is  just  a  working  fit  inside  the  cylinder.  The  plunger- 
rod  (D)  is  graduated  so  that  the  plunger-head  allows  1,  2,  3  or 
4  cc.  of  soil  to  be  taken,  as  desired. 

The  Sample  Case. — The  sample  case  (figs.  2  and  3)  is  24 
inches  long,  18  inches  high,  and  12  inches  wide.  A  lid,  to 
which  is  attached  the  handle,  covers  the  entire  top.  This  is 
raised  and  the  two  catches  at  either  end  are  released,  which 
allows  the  case  to  open.  On  each  side  of  the  case,  running  the 
entire  length,  are  three  perforated  shelves  for  holding  test- 
tubes.  The  top  shelf  is  two  inches  wide  and  holds  20  test- 
tubes.  The  second  shelf  is  four  inches  wide  and  holds  20 
test-tubes,  while  the  lower  shelf  is  six  inches  wide  and  holds 
the  same  number  of  tubes.  The  entire  case  holds  120  test- 
tubes,  and  when  full  weighs  7.45  kilograms. 

The  reason  for  having  the  shelves  of  different  widths  can 
be  seen  in  the  cut,  as  it  allows  the  handling  of  one  row  of 
test-tubes  without  disturbing  the  others.  The  test-tube  per- 
forations are  numbered  to  correspond  with  the  depth  of  the 
sample  and  number  of  the  plot,  so  that  when  a  sample  is  taken 
the  corresponding  test-tube  can  be  filled  and  replaced,  thus 
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Fig.  2.    Sample  case,  closed. 


Fig.  3.    Sample  case,  opened. 

doing  away  with  needless  labeling  of  tubes.  The  ease  can  be 
transferred  to  the  laboratory  and  the  cultures  made. 

The  measure  consists  of  a  lath  two  feet  long  into  which  has 
been  bored  one-half  inch  holes  every  two  inches,  commencing 
with  the  second  inch. 

Taking  the  Samples. — To  take  the  samples,  dig  a  hole  about 
a  foot  square,  to  the  required  depth.    With  a  sterile  spatula 


Digitized  by  VjOOQIC 


228  Bacteriological  Department.  [Bull.  161 

shave  off  foreign  dirt  from  one  bank.  The  measure  is  then 
placed  against  this  bank  and  held  so  that  a  hole  is  just  two 
inches  below  the  surface.  The  sampler  is  then  adjusted  to 
take,  say,  1  cc.  (see  fig.  1).  After  sterilizing  the  steel  sampler 
in  a  blow-torch,  with  the  right  hand  pass  the  point  through 
the  hole  in  the  measure  and  force  it  into  the  soil,  turning  it 
once  to  free  the  outside  from  the  soil.  With  the  left  hand 
take  the  corresponding  test-tube  from  the  case.  Withdraw  the 
sampler,  holding  it  between  the  first  and  second  fingers  of  the 
right  hand,  loosen  the  set-screw  with  the  left,  draw  the  plug 
(of  the  test-tube)  with  the  back  of  the  third  and  fourth  fingers 
of  the  right  hand,  flame  the  mouth  of  the  tube,  then  stroke  the 
sample  with  the  outer  rim  of  the  mouth  of  the  tube,  thus  ob- 
taining as  accurately  as  possible  one  cubic  centimeter  of  soil. 
Insert  the  sampler  about  one-half  inch  within  the  test-tube, 
then  place  the  thumb  of  the  right  hand  upon  the  plunger-head 
and  force  the  sample  into  the  test-tube.  Withdraw  the  sampler, 
replace  the  plug,  and  place  the  tube  in  the  rack. 

The  samples  are  then  taken  to  the  laboratory  and  each  tube 
receives  19  cc.  of  sterilized  distilled  water,  after  which  it  is 
shaken  until  all  the  soil  particles  have  separated. 

A  millimeter  loop  of  this  soil  suspension  is  placed  in  10  cc. 
of  liquefied  nutrient  agar  having  a  reaction  of  +1.5  to  phenol- 
pthalein,  and  the  inoculated  medium  shaken  and  poured  into 
a  Petri  dish.  The  plate  cultures  were  kept  at  a  temperature 
of  about  23  degrees  C.  The  colonies  were  counted  at  the  ex- 
piration of  from  twenty  to  twenty-four  hours. 
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A  COMPARISON  OP  THE  GRAVIMETRIC  AND  VOLUMETRIC  METHODS. 

Tables  I  to  IV  give  the  comparative  results  obtained  by 
gravimetric  and  volumetric  methods.  The  samples  were  taken 
by  means  of  the  sampler  described  above.  One  cubic  centi- 
meter of  soil  was  taken  each  time,  placed  in  a  sterile  test-tube 
and  weighed  on  an  analytic  balance.  In  every  case  duplicate 
samples  were  obtained  and  analyzed.  In  the  following  tables 
the  weight  of  each  sample  is  given  in  the  first  column,  the 
number  of  bacteria  per  cubic  centimeter  is  given  in  the  second, 
and  the  number  of  bacteria  per  gram  is  given  in  the  third 
column. 

A  glance  at  tables  I  to  IV  will  show  a  variation  in  weights 
of  samples  varying  in  table  I  from  1.19  to  1.4  grams  per  cubic 
centimeter,  from  0.965  to  1.14  grams  in  table  II,  from  1.021  to 
1.232  grams  in  table  III,  and  from  1.01  grams  to  1.035  grams 
in  table  IV.  The  comparison  also  shows  remarkable  differ- 
ences in  weight  between  many  samples  and  their  duplicates, 
which  were  taken  side  by  side.  For  instance,  in  table  IV  the 
fourth  inch  gives  1.01  grams  while  the  duplicate  gives  1.034. 
In  the  sandy  soil  (table  II)  the  difference  becomes  more 
marked,  showing  in  the  twelfth  inch  a  difference  of  0.113  of 
a  gram. 

In  tables  I  to  IV  the  number  of  bacteria  per  cubic  centimeter 
and  per  gram  shows,  in  duplicate  samples  of  soil,  variations 
which  are  somewhat  proportionate  to  the  variations  in  weight 
of  samples.  These  variations  in  quantitative  findings  repre- 
sent the  inaccuracy  which  is  due  to  the  volumetric  method  of 
taking  soil  samples.  It  may  be  assumed  that  such  variations 
or  inaccuracies  will  always  occur  from  soil  samples  which  are 
measured  in  terms  of  cubic  centimeters.  However,  in  general 
comparative  soil  bacteriological  work  these  variations  in  num- 
ber of  bacteria,  due  to  the  volumetric  method  of  procedure, 
may  not  be  greater  than  those  variations  which  might  occur 
as  a  result  of  differences  in  specific  gravities  of  different  sam- 
ples of  soil,  should  the  soil  samples  be  taken  by  the  gravi- 
metric method.  For  instance,  two  types  of  soil,  Marshall  silt 
loam  and  sandy  loam,  were  used  in  this  work.  The  volume 
weight  of  the  silt  loam  soil  is  1.11  and  the  volume  weight  of 
the  sandy  loam  is  1.35.  Their  weights  stand  in  the  ratio  of 
1:1.21;  that  is,  an  acre-foot  of  the  sandy  loam  weighs  1.21 
times  as  much  as  an  acre-foot  of  the  silt  loam.    Therefore, 
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should  samples  be  collected  from  the  above  types  of  soil  by  the 
gravimetric  method  and  the  comparative  results  expressed  as 
so  many  bacteria  per  gram,  the  number  of  bacteria  in  an  acre- 
foot  of  the  sandy  loam  would  in  reality  be  compared  with  the 
number  of  bacteria  in  1.21  acre-feet  of  the  silt  loam. 

In  quantitative  bacteriological  work,  when  comparative  re- 
sults are  desired,  the  volumetric  method  has  the  following  pos- 
sible advantages  over  the  gravimetric  method : 

1.  It  is  more  convenient. 

2.  It  allows  less  chance  for  contamination. 

3.  It  represents  more  accurately  an  aliquot  part  of  an  acre- 
foot  of  soil. 

The  last  advantage  appears  to  be  true  because  of  the  differ- 
ence in  specific  gravity  of  soils. 

Drying  Effect — When  we  compare  tables  I  and  II  with  III 
and  IV,  we  find  no  appreciable  difference  in  results  between 
those  soil  samples  which  were  allowed  to  dry  twenty-four  hours 
before  inoculation  and  those  from  which  inoculations  were 
made  immediately  after  collection. 


TABLE  DC— Plot  A.    Summarized  total  number  bacteria  given  in  table  V. 


Depth. 

Al. 
Undis- 
turbed. 

A2. 

Plowed 

2  in. 

A3. 

Plowed 

4  in. 

A4. 

Plowed 

6  in. 

A5. 

Plowed 

8  in. 

A6. 
Plowed 
10  in. 

2  inches 

43.80 
68.80 
42.60 
46.40 
13.86 
11.54 

72.00 
67.40 
70.80 
68.20 
20.80 
7.12 

63.40 
43.20 
60.00 
36.60 
28.20 
20.48 

44.40 
68.40 
66.60 
62.20 
45.60 
16.46 

72.00 
80.40 
69.00 
68.96 
64.07 
38.50 

96.90 

76.50 

6     "     

85.50 

8     ••     

47.10 

10     '  •     

48.10 

12     •*     

34.12 

Totals 

216.60 

286.82 

241.68 

292.66 

398.98 

383.62 

TABLE  X-Plot  A.    Summarized  total  number  of  bacteria  ffiven  in  table  VL 


Depth. 

Al. 
Undis- 
turbed. 

A2. 

Plowed 

2  in. 

A3. 

Plowed 

4fai. 

A4. 

Plowed 

6  in. 

A5. 

Plowed 

Sin. 

A«. 
Plowed 
10  in. 

2  inches 

82.20 
74.40 
79.80 
60.40 
27.60 
8.64 

80.60 
66.60 
68.20 
65.20 
29.20 
18.26 

63.40 
68.40 
47.40 
87.00 
16.76 
7.66 

66.10 
65.60 
102.60 
39.60 
21.46 
20.00 

85.80 
70.90 
66.40 
76.00 
49.20 
18.00 

47.40 
54  60 

4     "     

6     '•      

51  00 

8     *•      

87  20 

10     •  •     

41.40 
31.80 

12     ••      

Totals. 

332.94 

803.06 

229.62 

816.26 

864.80 

263.40 
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TABLE  XI— Plot  B.    Sommarixed  total  number  bacteria  ffiven  in  table  VH. 


Dbpth. 

Bl. 
Undis- 
turbed. 

B2. 

Plowed 

2in. 

B8. 

Plowed 

4  in. 

B4. 
Plowed 

6  in. 

B5. 

Plowed 

8in. 

B6. 

Plowed 

10  in. 

2inches. 

49.80 
61.20 
80.70 
12.24 
10.92 
11.00 

80.02 
60.10 
84.94 
11.86 
18.06 
8.46 

60.40 
62.60 
18.92 
11.70 
10.10 
4.02 

20.68 
68.80 
46.00 
8.94 
8.80 
6.61 

46.24 
76.80 
70.20 
18.16 
18.68 
9.96 

42.00 

4     •• 

60.00 

6     *•     

47  80 

8     ••     

88.24 

10     **     

14  56 

12     •*     

9.56 

Totala, 

175.86 

162.94 

147.74 

147.18 

286  06 

212.16 

TABLE  Xn— Plot  B.    Summarized  total  number  bacteria  ffiren  in  table  VUL 


Depth. 

Bl. 
Undis- 
turbed. 

B2. 

Plowed 

2  in. 

B8. 
Plowed 

4  in. 

B4 

Plowed 

6  in. 

B5. 

Plowed 
8ln. 

B6. 
Plowed 
10  in. 

2  inches. 

67.00 
57.60 
86.50 
19.44 
21.62 
8.62 

44.60 
54.40 
82.14 
18.16 
8.46 
4.82 

6S.0O 
68.68 
28.26 
28.78 
11.86 
6.44 

70.80 
96.40 
24.44 
14.20 
7.92 
6.42 

42.00 
68.60 
64.00 
20.24 
11.88 
10.90 

44.40 

JUIOWB.. ................... ........ 

60.00 

c     ••     

42.60 

8     **     

37.24 

10     ••     

26.64 

12      *•     

7.64 

Totals. 

199.08 

162.58 

804.52 

218.18 

202.62 

217.42 

TABLE  Xm. 


Plot 

Am- 
monia, 
parts 

mi^n. 

Nitrites, 
parts 

mUUon. 

Gas  production. 

Date. 

Glucose 

bouillon. 

incc. 

Lactose 

bouillon. 

in  cc 

Saccha- 
rose 

bouillon, 
incc. 

Jul    20 

Al 
A2 
A8 
A4 
A5 
A6 

26 
60 
50 
1 
.     76 
76 

75 
76 
75 
40 
1 
14 

0.00 
7.70 
4.50 
5.80 
5.80 
5.50 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

3.00 
1.75 
3.00 
2.00 
2.50 
1.50 

7.50 
8.15 
6.00 
6.00 
2.50 
8.50 

0.00 
1.25 
1.75 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1.50 
1.25 
1.75 
1.10 
1.00 
1.50 

8.50 
9.00 
2.50 
9.50 
.50 
1.50 

0  0 

•'     20 

0.0 

••     20 

0  9 

'•     20 

0.0 

••     20 

••     20 

0.0 
0.0 

totals. 

276 

280 

Aug.    8 

Al 

A2 
A3 
A4 
A5 
A6 

50 
26 
250 
75 
46 
75 

46 
50 
75 
80 
40 
20 

0  0 

^  s:;::;:;::::::;;;:::::::::::::::: 

0  0 

••       3 

0  0 

8 

0  0 

••       8 

0  0 

8 

0  0 

Totals 

520 

260 

Aug.  17 

Al 
A2 
A8 
A4 
A5 
A6 

80 

300 

1 

X 

800 
800 

146 
111 

X 

100 

X 
X 

5  5 

"      17 

5.0 

••      17 

7  0 

'•      17 

5  0 

'•      17 

7.0 

••      17 

9  5 

Totals. 

1.431 

356 

Aug.  31  

Al 
A2 
A3 
A4 
A6 
A6 

700 

750 

1 

1.500 

1.000 

2.000 

200 
150 
75 
80 
65 
110 

0  0 

••     81 

0.0 

••     31 

0  0 

•'     81 

0.0 

"     81 

0  0 

*•     31 

0.0 

Totals. 

6.961 

680 

Total  liitrites.  1676;  total  amijaonia.  8178. 
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TABLE  XIV. 


Plot. 

Am- 
monia, 
parts 

mffton. 

Nitrites, 
parts 

million. 

Gas  production. 

Date. 

Glucose 
bouillon, 
.in  cm. 

Lactose 

bouillon, 

in  cm. 

Saccha- 
rose 

bouUkm. 
in  cm. 

Jul.    20 

•*      20 

Al 
A2 
A8 
A4 
A6 
A6 

25 
60 

5 
50 

1 
100 

80 
80 
17 
10 
16 
11 

o.oe 

7.00 
7.60 
8.60 
9.80 
10.00 

0.00 
0.00 
0.00 
0.00 
8.25 
0.00 

8.00 
1.76 
1.50 
2.00 
1.00 
1.60 

7.50 
8.15. 

10.50 
8.00 
1.00 

10.00 

0.00 
1.25 
0.00 
0.00 
0.00 
lost 

0.00 
0.00 
0.00 
0.00 
0.00 
lost 

1.50 
1.25 
1.00 
1.50 
1.25 
1.00 

8.50 
9.90 
2.00 
1.00 
.50 
9.60 

0.00 
0.00 

•'      20 

0.00 

••      20 

0.00 

•*      20 

0.00 

•'      20 

0.00 

Totals. 

?81 

113 

Auff.    8 

Al 
A2 
A3 
A4 
A5 
A6 

25 

50 
25 
50 
10 
90 

250 

15 
20 
17 
2U 
11 
11 

94 

0.00 

•^  8 ::.:. 

0.00 

8 

0.00 

8 

0.00 

8 

0.00 

8 

8.00 

Totals. 

Au«.  17 

Al 
A2 
AS 
A4 
A6 
A6 

Al 
A2 
A8 
A4 

A6 
A6 

30 
800 
700 

X 

lost 

800 

145 
111 

X 

100 

X 

X    . 

5.00 

"     17 

••      17 

7.26 
8.00 

'•      17 

9.60 

'*      17 

10.00 

*•      17 

10.00 

Totals. 

1,830 

856 

Aug.  81 

700 
760 
500 
700 
1.000 
950 

150 
140 
90 
40 
75 
80 

0.00 

••     31 

••     81 

"     31 

0.00 
0.00 
0.00 

*'     31 

*•     81.. 

0.00 
0.00 

Totals. 

4.600 

525 

Total  nitrites.  1068 ;  toUl  ammonia.  6911. 
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TABLE  XV. 


Plot. 

Am- 
monia, 
parts 

mtmon. 

NitrHas. 
parts 

miutoii. 

Gas  production. 

Datb. 

Glocoae 

boaiUon. 

in  em. 

Lactose 

boaiUon. 

in  cm. 

0.00 
2.00 
8.00 
1.60 
6.00 
7.00 

1.75 
1.50 
1.20 
0.00 
1.25 
.50 

3.00 

0.00 

1.25 

0.00 

T 

0.00 

7.00 
4.00 
3.60 
4.00 
45.00 
8.50 

Saccha- 

bouXn. 
in  cm. 

JuL    28 

Bl 
B2 
B8 
B4 
B6 
B6 

25 

50 
100 
60 
50 
100 

16 
27 
20 
11 
12 
9 

0.00 
0.00 
4.00 
0.00 
1.00 
1.50 

4.25 
4.00 
4.25 
0.00 
0.00 
0.00 

3.25 
0.00 
3.50 
0.00 
T 
0.00 

11.00 
7.00 

55.00 
8.50 
8.50 

12.00 

0  00 

••     28 

0  00 

••     28 

0  00 

••     28 

1  00 

••     23 

0  00 

••     28 

0  00 

ToUto. 

375 

94 

An*.   6 

Bl 
B2 
B8 
B4 
B6 
B6 

X 
X 

1 
1 
1 

9 

17 
17 
10 
6 
2 
8 

7  25 

"^     6 

8.00 
7.50 
0  00 

••       6 

6 

•*       6 

0.00 
7  70 

6 

Totab. 

12 

60 

Au«.  20 

Bl 
B2 
B8 
B4 
B5 
B6 

100 
800 
90 
400 
600 

X 

150 
145 
145 

X 

120 

75 

0  00 

"      2D 

0  00 

••      20 

7  00 

••      20 

0  00 

••     20 

0  00 

•'      20 

0  00 

Totals. 

1,490 

635 

Sep.     8 

Bl 
B2 
B3 
B4 
B5 
B6 

2.000 
0 
5.000 
6.000 
8.000 
6.000 

20 

26 

30 

4 

7 

2 

0.00 
0.00 
0.00 
0.00 
0.00 
0  00 

*^r     J • 

•-    s::;:::::::;::::::::;;::::;:::::: 

8 

8 

3 

Tcrtata. 

27,000 

88 

Total  nitrites.  877:  total  ammonia.  28.877. 
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TABLE  XVI. 


Plot. 

Am- 
monia, 
parts 

mmton. 

NHrites. 
parts 

mSlton. 

Gas  produetfcm. 

Date. 

Glucose 

bouillon, 

in  cm. 

Lactose 

booiUon. 

in  cm. 

Saccha- 
rose 
bouillon, 
in  cm. 

Jul.    23 

Bl 
B2 
B8 
B4 
B5 
B6 

26 
60 
75 
26 
60 
100 

10 
10 

X 

6 
8 

6 

1.00 
1.50 
8.60 
0.00 
0.00 
0.00 

4.26 
4.00 
426 
8.76 
4.00 
4.10 

826 
0.00 
6.00 
0.00 
0.00 
0.00 

11.00 
7.00 
8.60 
8.00 
9.00 
800 

0.00 
0.00 
0.00 
0.00 
9.00 
0.00 

1.76 
1.60 
1.00 
1.40 
1.60 
1.00 

8.00 
0.00 
0.00 
1.00 
2.00 
0.00 

7.00 
4.00 
8.60 
2.00 
10.00 
9.60 

0.00 

•'     28 

0.00 

"     28 

0.00 

'•     23 

0.00 

•'     28 

8.00 

*•     28 

1.50 

Totala. 

826 

89 

Auir.    6 

Bl 
B2 
B8 
B4 
B6 
B6 

X 
X 

1 
4 

X 

10 

16 

16 
9 
11 

4 
7 

7.25 

^  e:::;:::::::::::::::::::::::::::: 

8.00 

••       6 

9.40 

6 

8.40 

*•       6 

6.76 

•*        6 

8.7S 

ToUlfl 

16 

62 

Aug.  20 

Bl 

B2 
B8 
B4 
B6 
B6 

100 

800 

80 

0 

8 

lost 

186 
146 
146 
176 
120 
90 

0.00 

^  20.:;:::;:;;::::;::;::::::::;;:::; 

0.00 

••      20 

0.00 

••      20 

0.00 

••     20 

0.00 

••     20 

0.00 

Totala. 

438 

860 

Sep.     8 

Bl 
B2 
B8 
B4 
B6 
B6 

2.000 
0 
6.000 
8.000 
8.600 
9.000 

20 
26 
6 
7 
7 
6 

0.00 

*^  8.. ::..;. ...;:;;:;;;;;;;:;;;:::; 

0.00 

8 

0.00 

**       8 

0.00 

8 

0.00 

**       8 

0.00 

Totals. 

33.600 

70 

Total  nitrites.  1081;  total  ammonia,  84.278. 

NUMBER  OP  BACTERIA. 

Tables  V  to  VIII  show  a  great  variation  between  the  number 
of  bacteria  at  the  beginning  of  the  experiment  and  at  the  close. 
This  condition  holds  in  all  subplots  in  both  sandy  and  silt 
loam  soils.  This  may  be  due  to  the  lessening  amount  of  food 
available  to  the  bacteria  because  the  temperature,  moisture 
and  air  remain  throughout  the  experiment  within  the  limit  of 
experimental  variation. 

Tables  V  to  VIII  show  exceptionally  high  numbers  of  bac- 
teria, sometimes  in  the  surface  six  inches,  and  again  at  the 
depth  of  twelve  inches.  The  extra  large  numbers  which  are 
found  in  some  samples  from  the  first  six  inches  of  soil  were 
nearly  always  attributable  to  manure  or  quantities  of  organic 
matter,  while  those  in  the  subsoil  were  usually  near  some  bur- 
row, or  at  times  were  due  to  the  presence  of  a  heavy,  decaying 
root. 
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By  comparing  tables  I  to  X  in  the  preliminary  experiments 
(part  I) ,  it  was  found  that  the  total  number  of  bacteria  in  the 
surface  foot  of  soil  is  increased  by  the  deeper  plowing.  This 
fact  is  also  shown  in  tables  IX  to  XII  (part  II),  which  contain 
the  sum  totals  of  tables  V  to  VIII.  In  the  Marshall  silt  loam 
there  was  also  a  slight  advantage  in  regard  to  the  total  num- 
ber of  bacteria  in  favor  of  the  plots  which  were  replowed  on 
June  20. 

AMMONIA  PRODUCTION. 

Tables  XIII  to  XVI  show  the  relative  amounts  of  ammonia 
produced  in  the  different  plots.  The  total  amount  produced  in 
the  silt  loam  soil  exceeded  that  produced  in  the  sandy  loam 
soil.  A  comparison  of  the  tables  will  show  that  the  amount  of 
ammonia  produced, in  the  different  plots,  both  in  the  sandy 
loam  and  the  silt  loam,  increased  with  the  depth  of  plowing. 
The  depth  of  plowing  seems  to  have  greater  effect  upon  the 
ammonia  production  in  the  more  tenacious  silt  soil. 

This  increase  in  ammonia  production  was  not  regular,  but  in 
general  conformed  to  the  depth  of  stirring,  although  the 
amount  produced  varied  greatly  from  week  to  week.  Excess 
of  moisture  showed  a  tendency  to  lessen  the  amount  of  am- 
monia produced. 

Occasionally  only  a  trace  of  ammonia  was  present,  as  will  be 
seen  in  table  XIII,  subplot  A4,  on  July  20,  and  again  in  sub- 
plots A3  and  A4,  on  August  17.  This  irregularity  is  found  in 
all  the  plots.  In  many  cases  where  these  low  yields  occurred 
the  medium  was  overgrown  with  an  organism  which  produced 
a  greenish  pigment  similar  to  that  of  Ps.  fhwrescens  liquefa- 
dens.  These  bacteria  seemed  to  predominate  during  an  ex- 
cessively moist  period. 

REDUCTION  OP  NITRATES. 

Denitrification,  or  the  reduction  of  nitrates  to  nitrites,  with 
the  final  liberation  of  nitrogen  gas,  may  accompany  the  de- 
structive processes  of  nitrogen  compounds.  Some  of  the  am-r 
monia  compounds  are  broken  down,  liberating  free  nitrogen, 
while  at  the  same  time  the  nitrates  which  may  have  been 
formed  are  reduced  to  nitrites.  These  may  be  broken  down 
into  simpler  substances,  thus  releasing  free  nitrogen. 

The  results  of  the  experiments  testing  denitrification  are 
given  in  tables  XIII  to  XVI,  under  the  heading  "Nitrites,"  ex- 
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pressed  as  parts  per  million.  In  general,  the  amount  of  ni- 
trites produced  was  in  inverse  proportion  to  the  amounts  of 
ammonia  produced.  In  general,  the  production  of  nitrites  de- 
creased as  the  depth  of  plowing  increased. 


SUMMARY. 
The  results  of  these  preliminary  experiments  suggest  the 
following  conclusions : 

1.  Deep  plowing  (eight  to  ten  inches)  tends  to  increase  the 
number  of  soil  bacteria  in  both  sandy  a^id  silt  soils. 

2.  Deep  plowing  tends  to  increase  bacterial  activity.  More 
ammonia  is  produced. 

3.  Deep  plowing  tends  to  decrease  denitrification  or  the  re- 
duction of  nitrates  and  the  liberation  of  free  nitrogen. 

4.  The  volumetric  method  of  quantitative  bacteriological 
soil  analysis  has  the  following  possible  advantages  over  the 
gravimetric  method:  (a)  It  is  more  simple  and  convenient; 
(6)  there  is  less  danger  of  contamination;  (c)  the  results  are 
placed  on  a  more  accurate  basis  for.  comparison.  The  volu- 
metric method  can  be  used  to  advantage  when  comparative  re- 
sults are  desired. 

5.  Increased  soil  temperature  increases  bacterial  activity. 

6.  An  excess  of  moisture  in  soil  reduces  the  number  of  bac- 
teria and  is  detrimental  to  bacterial  activity. 

7.  The  maximum  number  of  bacteria  is  found  within  the 
fifth  and  sixth  inches.  Either  side  of  this  zone  the  numbers  of 
bacteria  decrease. 

8.  Due  to  certain  conditions,  different  species  of  bacteria 
are  present  in  soil,  at  different  times  in  predominating  num- 
bers. 

9.  Bacterial  life  and  activity  seem  to  rise  and  fall  with  more 
or  less  regularity.  These  periods  of  maximum  and  minimum 
activity  are  to  a  certain  extent  independent  of  moisture  and 
temperature  and  are  possibly  due  to  the  presence  of  bacterial 
by-products. 
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THE  FOLLOWING  BULLETINS 

ARE  AVAILABLE  FOR  DISTRIBUTION  TO  THOSE  RESIDENTS 
OF  KANSAS  WHO  MAY  DESIRE  THEM: 

No.    12 Preliminary  Experiments  with  Fung:icides  for  Stinking  Smut 

of  Wheat. 

No.    13 Experiments  with  Oats. 

No.    15 Additional  Experiments  and  Observation  on  Oat  Smut. 

No.    16 Experiments  with  Sorghum  and  with  Sugar  Beets. 

No.    43 Experiments  with  Sorghum  and  with  Sugar  Beets. 

No.    52 Kansas  Weeds — Preliminary  Circular  on  Distribution. 

No.  120 Tests  of  Forest  Trees. 

No.  121 Treatment  and  Utilization  of  Flood-damaged  Lands. 

No.  122 ....  Blackleg  and  Vaccination. 

No.  129 Kansas  Mammals  in  their  Relation  to  Agriculture. 

No.  136 Press  Bulletins  Nos.  125-151. 

No.  137 Variations  in  the  Test  of  Separator  Cream. 

No.  138 Effect  of  Bacteria  in  Wash-water  of  Butter. 

No.  139 The  Study  of  Com. 

No.  140 ....  Milking  Machines. 

No.  141 Commercial  Seeds  of  Brome-grass  and  of  English  and  Ken- 
tucky Blue-grasses:  Adulterants  and  Substitutes  and  their 
Detrition. 

No.  142 The  Value  of  Oil  in  Road  Improvement. 

No.  143 Disposal  of  Dairy  and  Farm  Sewage,  and  Water  Supply. 

No.  144 Small-grain  Crops. 

No.  145 Spraying. 

No.  148 Law  Regulating  the  Sale  of  Commercial  Fertilizers. 

No.  149 Prevention  of  Sorghum  and  Kafir-corn  Smut. 

No.  150 The  Hen's  Place  on  the  Farm. 

No.  151 Alfalfa  Breeding. 

No.  152 The  Pocket  Gopher. 

No.  153 Deterioration  of  Red  Texas  Oats  in  Kansas. 

No.  154 The  Mound-building  Prairie  Ant. 

No.  155....  Alfalfa. 

No.  158 Analyses  of  Registered  Feeding  Stuffs. 

No.  159 Analyses  of  Eggs. 

No.  160 ....  Cow-peas. 

Circular  No.  1. — Treating  Seed-corn  to  Protect  it  from  Burrowing  Ani- 
mals. 
Circular  No.  2. — Preparing  Land  for  Wheat. 


The  Bvlletins  of  the  Experiment  Station  are  sent  free  to 
applicants.  Farmers  are  invited  to  send  the  names  of  others 
who  would  value  them  and  samples  will  be  sent,  with  retuim 
cards  upon  which  applications  for  future  issues  may  he  made. 

Address:  Agricultural  Experiment  Station, 

Manhattan,  Kan. 
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BY 
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DAIRY  HUSBANDRY  DEPARTMENT. 

J.  C.  KENDALL Dairyman  in  Charge. 

Assistant  Dairyman. 

A.  B.  NYSTROM Assistant  in  Dairy  Manufactures. 

A.  G.  PHILIPS Assistant  in  Charge  of  Poultry  Hus- 
bandry. 

A.  MIYAWAKI  Assistant  in  Experimental  Dairying. 

W.  A.  LAMB Superintendent  Poultry  Plant. 

O.  A.  HAAGENSEN Herdsman. 


WORK  OF  THE  DAIRY  DEPARTMENT. 

The  work  of  the  Dairy  Department  is  divided  into  two  gen- 
eral groups:  Dairying  and  Poultry  Raising.  The  Dairy 
group  is  again  divided  into  Farm  Dair3ring  and  Dairy  Manu- 
factures. The  lines  of  investigation  which  are  being  conducted 
are:  (1)  Feeding  and  care  of  dairy  stock;  (2)  Growing  feeds 
for  dairy  stock,  including  storing  in  bam  and  silo;  (3)  Han- 
dling of  milk  and  cream  for  market  purposes ;  (4)  Manufacture 
of  butter,  cheese,  ice-cream,  etc.;  (5)  Feeding  and  breeding 
poultry;  (6)  Incubation  and  brooding  chicks;  (7)  Housing 
and  yarding  poultry.  Special  lines  of  investigation  are  taken 
up  from  time  to  time  as  necessity  demands. 

Bulletins  are  issued  on  these  subjects,  which,  with  the  bul- 
letins of  other  departments  of  the  Station,  may  be  obtained 
free  of  charge  by  addressing  the  Director,  Experiment  Sta- 
tion, Manhattan,  Kan. 
Other  departments  are : 

Agronomy. 

Animal  Husbandry. 

Bacteriology. 

Chemistry. 

Entomology. 

Horticulture. 

Veterinary  Science. 
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THE  MARKETING  OF  EGGS. 


The  question  of  the  troubles,  which  are  ever  present,  con- 
cerning the  handling  and  marketing  of  eggs,  has  been  brought 
forcibly  before  this  department  during  the  past  year.  The 
College  has  been  advocating  to  the  poultrymen  of  Kansas  the 
putting  on  the  market  of  first-class  eggs.  Invariably  the  reply 
from  the  farmers  was  as  follows :  "Show  us  how  we  can  make 
anything  by  this  and  we  will  do  it."  It  is  one  of  the  duties  of 
the  Poultry  Department  to  determine  how  to  handle  and 
market  eggs  properly  and  by  so  doing  turn  more  cash  into  the 
pockets  of  the  poultrymen. 

STATISTICS. 

Before  the  financial  end  of  this  subject  can  be  discussed  it 
would  be  advisable  to  look  into  the  egg  business  of  this  state 
as  shown  by  the  government  and  state  statistics.  When  our 
state  is  compared  with  others  as  regards  the  value  of  poultry 
and  eggs,  we  stand  about  fifth,  Iowa,  Illinois,  Ohio  and  Mis- 
souri coming  ahead  of  us,  but  when  we  consider  the  value 
per  capita  the  state  of  Kansas  leads  all  other  states  by  a  large 
margin. 

The  federal  statistics  given  in  the  twelfth  census  (1900^) 
grave  the  number  of  eggs  produced  in  Kansas  in  1899  as  73,- 
190,590  dozen,  valued  at  $7,237,111.  This  does  not  include 
eggs  consumed  at  home. 

Hon.  F.  D.  Cobum,  in  his  sixteenth  biennial  report,  gives 
the  value  of  poultry  and  eggs  of  1897  as  37  per  cent  of  the 
value  in  1907,  and  the  value  in  1887  as  17  per  cent  of  the  1907 
products.  This  shows  a  remarkable  and  steady  increase  in 
the  product  of  the  Kansas  hen.  The  value  of  poultry  and  eggs 
has  increased  over  $1,000,000  imnually  since  1903. 

If  we  take  the  egg  crop  of  this  state  in  1899  as  73,190,590 
dozen,  valued  at  $0,091  per  dozen,  and  multiply  it  by  2,  as  the 
proportionate  increase  in  the  value  of  poultry  and  eggs  more 
than  shows,  we  get  146,381,180  dozen  of  eggs  as  the  result 
It  seems  safe  to  assume  that  the  average  farmer  uses  in  his 
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home,  either  for  the  table  or  for  reproduction  purposes,  one 
egg  out  of  every  four  laid.  If  this  is  so,  then  we  must  add  to 
the  above  figures  36,595,295  dozen  for  home  consumption. 
This  gives  an  estimate  of  182,796,475  dozen  of  eggs  produced 
in  Kansas  in  1909.  With  these  figures  before  us  it  is  easy  to 
see  the  vast  importance  of  the  ^gz  industry  in  Kansas. 

THE  EGG  BUSINESS. 

Selling  eggs  is  one  of  the  handiest  ways  for  the  farmer  to 
get  a  cash  or  trade  return  for  his  produce,  during  all  parts  of 
the  year,  and  if  he  can  increase  the  efficiency  of  the  machinery 
which  produces  and  handles  these  eggs  he  is  putting  into  his 
pocket  good  hard  cash.    The  question  is.  How  can  this  be  done? 

If  any  person  should  go  into  the  average  hotel  or  restaurant 
in  this  state  and  call  for  a  soft-boiled  egz*  providing  of  course 
that  he  knew  an  absolutely  fresh  ef[f[,  he  would  be  somewhat 
in  doubt  as  to  the  freshness  of  any  of  the  eggs  put  before  him. 
Such  a  thing  as  this  gives  rise  to  wonder  as  to  the  cause  of  it 
and  suggests  a  possible  remedy. 

Almost  every  housewife  who  is  compelled  to  buy  eggs  con- 
stantly clamors  for  some  method  which  she  may  pursue  in 
order  to  always  get  fresh  eggs.  There  is  no  housewife  who 
has  not  some  time  or  other  had  the  great  displeasure  of  han- 
dling spoiled  or  rotten  eggs.  This  almost  constant  occurrence, 
with  the  possible  exception  of  the  winter  months,  practically 
compels  those  who  lecture  and  carry  on  experiment  station 
work  to  plead  with  the  farmers  who  produce  the  eggs  to  put 
onto  the  market  better  produce.  It  is  firmly  believed  that  care 
in  the  handling  of  anything  with  a  view  to  improving  its 
quality  or  appearance  for  the  market  will  be  a  financial  profit 
to  the  one  who  does  the  work. 

STATE  STATISTICS. 

About  the  15th  of  October,  1909,  there  were  sent  out  to  as 
many  egg  buyers  as  was  possible,  a  letter  asking  them  to  co- 
operate with  the  Poultry  Division  of  the  Kansas  State  Agri- 
cultural College  in  a  campaign  for  better  eggs.  With  this 
letter  were  two  pages  of  questions  which  they  were  asked  to 
answer.  Over  seventy  replies  were  received,  and  as  a  result 
there  are  tabulated  below  some  of  the  questions  with  a  com- 
piled set  of  answers.  A  perusal  of  these  will  give  an  idea  of 
the  conditions  in  the  state,  the  causes  of  them,  and  what  the 
buyers  are  willing  to  do. 
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Kansas  Stati  Acoucultural  Gollbge, 
Division  of  Poultry  Husbandry. 

EGG  statistics. 

1.  Give  a  rough  estimate  of  the  number  of  cases  of  eggs  you  bought 

between  October,  1908,  and  October  1,  1909.  Over  900,000  easew, 
representing  7h  buyers, 

2.  Do  you  buy  case  count  the  year  round?    No,  40;  yes,  SS, 

3.  If  not,  when  do  you  buy  loss  off?    General  average  seems  to  be  during 

the  hot  weather  of  July,  August  and  September,  though  some  buy 
loss  ojf  from  May  until  December, 

4.  What  difference  do  you  make  in  price  when  buying  loss  off?    Varies 

from  1  to  6  ets.;  average,  2  cts, 

5.  How  many  cases  do  you  buy  during  the  hottest  thirty  days  of  the 

year?    100,000  eases,  representing  68  buyers. 

6.  What  is  the  per  cent  of  ''rots"  during  that  month?    Average  from 

10  to  £0  per  cent,  extremes  6  to  76  per  cent. 

7.  When  you  candle  your  eggs  after  buying,  either  loss  off  or  case 

coun^  what,  in  a  rough  way,  is  the  number  of  eggs  lost  from  eadi 
case  during  months  of:  October?  Av,,  S  doz,  November?  Av., 
t  doz.  Dumber?  Av.,  %  doz.  January?  Av.,  ^  doz.  Feb- 
ruary? Av.,  ^  doz.  March?  Av.,  %  doz.  April?  Av.,  1  doz. 
May?  Av.,  1^  doz.  June?  Av.,  2  doz.  July?  Av.,  S  doz. 
August?    Av.,  4  to  6  doz.    September?    Av.,  4  to  7  doz. 

8.  Do  you  not  figure,  during  the  part  of  the  year  when  you  buy  case 

count,  that  you  will  lose  at  least  from  one  to  three  dozen?  Yes, 
67;  no,  7.  If  not,  how  many  do  you  figure  on?  Av.,  at  least  2 
doz.  for  the  year  round. 

9.  If  those  bad  e^^s  could  be  eliminated,  could  you  not  quote  higher 

ease-count  prices?  Yes,  69;  no,  none.  If  so,  approximately  how 
much  increase  in  price  could  you  afford  to  quote?  Varies  from 
1  to  5  cts.;  average,  ft  cts. 

10.  Is  not  the  average  run  of  eggs  which  you  buy  only  fair  in  quality? 

Yes,  68;  no,  S. 

11.  What  causes  the  large  number  of  rotten  eggs  coming  to  you?    Is  it 

the  holding  for  higher  prices  by  the  storekeeper?  Yes,  none; 
no,  none.  Or  is  it  because  the  farmer  does  not  give  the  eggs  proper 
care?    Yes,  S7;  no,  none;  both,  SS. 

12.  Do  you  think  that  a  rigid  enforcement  of  the  pure-food  law  relating 

to  bad  eggs  would  make  the  farmer  or  storekeeper  more  careful? 
Yes,  all;  no,  none. 

13.  Could  you  afford  to  buy  loss  off  the  year  round?    Yes,  2S;  no,  40. 

Why?  "Yes":  Justice  to  all;  better  grade  of  eggs;  more  money  for 
the  farmer.  ''No":  Competition  prevents;  eggs  are  good  enowh 
in  winter;  farmers  do  not  candle;  have  no  market  for  seconds; 
different  standards  of  candling;  dissatisfied  farmers;  hot  weather 
prevents;  candling  expensive. 

14.  In  case  a  farmer  or  community  of  farmers  were  instructed  as  to  the 

kind  of  eggs  which  are  best  to  sell,  and  would  ship  directly  to  you 
first-class  eggs  always,  could  you  afford  to  put  a  premium  upon 
them  above  the  regular  price?  Yes,  6S;  no,  5.  How  much?  Varies 
from  1  to  6  cts.;  average,  ft  cts. 

15.  If  we  work  up  the  community  will  you  pay  a  premium  for  first-class 

eggs?  Yes,  6S;  no,  ft.  How  much?  Varies  from  1  to  4  cts.; 
average,  2  cts. 

16.  When  ^ou  candle  eggs  how  do  you  grade  them?    No.  1;  No.  2,  in- 

cluding cracks,  small,  dirty,  washed,  and  some  **held^'  eggs;  rots. 
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17.  Would  you  like  us  to  get  out  a  circular  of  education  for  the  farmer 

concerning  the  proper  way  to  handle  eggs  for  the  market,  and 
telling  him  how  the  buyer  grades  eggs,  so  that  in  case  he  ships 
subject  to  candling  he  will  understand  his  losses?  Practically 
every  buyer  desires  having  thie  circular  printed. 

18.  If  you  wish  this,  will  you  please  give  us  a  few  suggestions  as  to 

what  you  would  think  best  to  put  in  it?  Instruct  farmers  to  be 
less  intentionally  careless;  tell  them  how  to  candle;  tell  them  not 
to  wash  eggs;  tell  them  to  keep  all  eggs  not  strictly  fresh  at  home; 
have  them  market  eggs  often;  show  them  the  difference  in  price 
between  good  and  bad  eggs,  that  could  be  obtained;  teach  care- 
fulness;  keep  nests  clean;  keep  eggs  in  dry  place;  cover  eggs  when 
bringing  them  to  tovm;  dispose  of  the  male  birds  at  end  of  the 
breeding  season;  gather  eggs  often;  instruct  as  to  the  grading  of 
eggs;  instruct  the  farmer  as  to  the  loss  he  takes  when  he  trades 
eggs  ivith  the  merchant;  there  shoidd  be  a  law  compelling  the 
grading  of  eggs;  there  shotUd  be  an  examination  for  candlers  the 
same  as  there  is  for  cream  buyers;  instruct  as  to  the  pure- food  law. 

19.  Will  you  give  us  your  best  support  in  a  movement  for  better  eggs? 

Yes,  all;  no,  none. 

From  this  one  can  easily  see  that  there  is  a  loss  to  the  state 
each  year  that  amounts  to  considerable.  If  we  take  it  that 
146,381,180  dozen  of  eggs  were  marketed  last  year,  then  with 
the  average  loss  of  two  dozen  rots  per  case  we  will  find  that 
9,758,745  dozen  of  eggs  were  absolutely  lost,  partly  on  ac- 
count of  carelessness.  This  does  not  include  those  classed  as 
seconds.  There  is  not  the  least  bit  of  doubt  but  that  50  per 
cent  of  the  rotten  eggs  could  be  eliminated,  and  if  this  was 
done,  taking  eggs  at  16  cents  per  dozen,  which  is  a  fair  average 
price  for  1909,  there  would  be  saved  to  the  farmers  of  the 
state  over  $780,699.  An  entire  elimination  of  bad  eggs  would 
add  over  one  and  one-half  million  dollars  to  the  pockets  of  the 
farmers.    Is  it  not  therefore  worth  the  trouble? 

CAUSES  OF  BAD  BGGS. 

It  has  been  shovm  above  that  the  loss  to  the  state  each  year 
is  enormous  and  beyond  all  reasonable  justification,  and  there- 
fore the  cause  must  be  found  before  we  can  get  any  farther. 
A  review  of  the  correspondence  carried  on  with  the  buyers 
places  the  blame  always,  at  least  in  part,  vrith  the  farmer,  for 
the  following  two  reasons :  First,  some  few  farmers  deliber- 
ately take  to  market  eggs  which  they  know  are  not  fresh,  be- 
cause they  know  that  the  merchant  is  compelled  to  take  them 
or  lose  their  trade.  Second,  and  by  far  the  greatest  reason, 
is  because  of  ignorance  on  the  part  of  the  farmer  as  to  what 
and  how  to  sell  eggs. 

Some  of  the  trouble  lies  with  the  smairmerchant,  who  gen- 
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erally  gives  trade  for  eggs.  A  storekeeper,  especially  in  a  small 
town,  makes  his  livelihood  from  the  farmers'  trade.  The 
farmer  brings  in  butter  and  eggs  and  wants  all  he  can  get  for 
them.  One  merchant  in  the  town  offers  $5.20  per  crate  in 
cash.  His  competitor  offers  $5.40  in  trade.  The  one  offering 
$5.40  in  trade,  therefore,  gets  all  the  business.  Maybe  he  loses 
on  the  eggs  when  he  pays  $5.40,  but  if  he  does  he  makes  on 
the  sale  of  his  goods.  When  the  man  who  originally  offered 
$5.20  per  case  has  lost  his  trade  he  becomes  desperate,  and 
offers  $5.50  per  case,  and  takes  anjrthing  so  long  as  it  has  a 
shell  around  it.  That  causes  the  farmer  who  loves  the  cold 
cash  to  make  an  extra  effort  to  supply  him  with  all  the  eggs 
he  can- get,  and  all  the  weeds,  orchards,  bam  lofts,  etc.,  are 
forced  to  give  up  their  sometimes  rather  ancient  supply  of 
eggs.  This  competition  compels  all  the  small  egg  buyers  in 
that  town  to  pay  a  big  price  for  any  egg.  Some  merchants 
even  offer  two  cents  per  dozen  more  for  those  sold  for  trade 
than  they  do  those  sold  for  cash.  The  price  of  goods  is  raised 
to  meet  the  deficiency  in  the  profit  from  the  eggs,  and  tiie 
farmer  makes  almost  nothing  by  the  competition. 

These  eggs,  which  sometimes  are  50  per  cent  rotten,  are 
shipped  to  larger  buyers,  who  figure  on  a  loss  and  quote  prices 
accordingly.  The  small  merchant  seldom  makes  a  thing  on  his 
eggs,  and  must  therefore  realize  largely  on  his  merchandise. 
An  outsider  certainly  fails  to  see  the  benefit  of  this  kind  of 
business  to  the  egg  producer. 

These  merchants  sometimes  try  to  realize  on  their  egg  deals, 
'and  through  ignorance  ofttimes  hold  for  higher  prices.  Thus, 
in  October  and  November,  there  is  a  great  loss  from  "held 
eggs." 

Thus  it  is  easily  seen  that  the  farmer  and  the  small  store- 
keeper are  both  to  blame,  and  competition  for  eggs  (any  kind) 
keeps  the  market  flooded  with  bad  eggs. 

A  man  who  deliberately  tries  to  sell  eggs  which  he  knows 
are  not  fresh  deserves  no  consideration  from  the  people  or 
the  law,  but  the  one  who  sells  eggs  which  are  not  of  the  best 
quality  simply  through  ignorance  of  what  is  correct  deserves 
some  information  as  to  the  proper  methods  to  use  in  handling 
eggs. 
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HOW  TO  OBTAIN  EGGS. 

Eggs  are  produced  by  fowls  only  after  their  bodies  have 
been  supplied  with  a  maintenance  ration.  The  production  of 
an  egg  is  the  hen's  only  means  of  reproduction,  and  this  she 
cannot  do  until  she  has  enough  food  to  first  maintain  life.  So 
it  must  be  remembered  in  feeding  a  hen  for  lajdng  that  she 
needs  a  great  quantity  of  feed.  Some  hens  lay  large,  some 
small,  and  more  medium-sized  eggs.  A  large  egg  is  de- 
sirable on  all  markets,  and  if  the  farmer  wishes  his  hens  to 
be  largely  egg  producers  he  should  keep  on  the  fanh  those 
breeds  of  fowls  which  will  lay  large  eggs.  Such  breeds  as  the 
Pljrmouth  Rock,  Rhode  Island  Red,  Wyandotte,  and  some  Leg- 
horns, are  the  most  popular  farmer's  fowl  for  producing  good 
marketable  eggs. 

There  is  ofttimes  much  objection  to  the  Leghorn  on  account 
of  the  inclination  to  lay  small  eggs,  and  yet  it  is  not  the  least 
hit  of  trouble  to  produce  hens  of  this  breed  which  will  easily 
lay  eggs  that  weigh  1^  pounds  to  the  dozen.  If  the  strain  of 
Leghorns  kept  do  not  do  this,  it  will  do  no  good  to  cross  them 
with  some  other  breed  and  expect  to  improve  the  size  of  the 
ess  or  3rield  of  the  flock.  One  year  may  show  improvement, 
but  the  following  ones  are  questionable.  So  it  will  pay  any 
^oultryman  who  cares  to  produce  the  best  market  fowl  or  the 
best  eggs  to  breed  pure  and  for  a  purpose. 

HOW  TO  HANDLE  EGGS. 

When  the  hens  on  ihe  farm  are  producing  enough  eggs  to 
wagrant  the  farmer's  taking  them  to  town,  arrangements 
sti<KiM  be  made  to  handle  all  of  them  properly.  A  convenient 
and  clean  place  should  be  provided  wherein  the  hens  can  lay. 
T&ey  should  be  compelled  to  lay  here  in  a  clean  nest.  The 
natural  tendency  of  a  hen  is  to  go  off  in  the  weeds  and  make 
her  nest.  This  should  never  be  tolerated,  and  any  eggs  found 
in  such  places  should  be  marked  and  kept  at  home. 

It  makes  no  difference  how  many  hens  are  kept,  a  house 
suitable  for  them  should  be  erected  in  which  they  should  be 
compelled  to  roost  and  lay.  Then  if  the  nests  are  placed  where 
the  hens  will  not  roost  on  them  they  can  be  kept  clean.  Straw 
that  is  dry  makes  the  best  nesting  material,  and  if  the  nest 
could  have  a  bottom  made  of  one-inch-mesh  wire  it  would  be 
self -cleaning.  If  not,  the  nesting  material  should  be  changed 
often. 
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If  the  weather  is  bad  and  the  hens'  feet  become  muddy,  the 
eggs  should  be  gathered  at  least  twice  daily.  This  will  keep 
the  eggs  cleaner.  If  the  weather  is  hot  they  should  be  col- 
lected at  least  twice  each  day,  and  oftener  if  the  tempera- 
ture is  very  high.  This  prevents  eggs  from  commencing  to 
decompose,  or  the  germ,  in  case  there  is  any,  to  start  develop- 
ment. If  eggs  are  laid  in  bams,  sheds,  etc.,  a  careful  search 
should  be  made  often,  in  order  to  be  sure  that  none  are  gath- 
ered when  stale. 

As  soon  as  the  breeding  season  is  dver,  the  male  birds  should 
be  separated  from  the  hens.  A  male  bird  is  not  necessary  for 
the  production  of  eggs,  but  is  useful  only  to  fertilize  the  egg^ 
which  will  be  laid  in  spite  of  his  presence.  A  fertile  egg 
will  commence  development,  consequently  deteriorate,  more 
quickly  than  will  a  sterile  egg.  A  fertile  egg  when  fresh  laid 
is  supposed  to  be  already  started  in  its  development,  and  if  a 
hen  is  allowed  to  stay  on  it  any  length  of  time  it  will  soon  be 
in  condition  not  to  be  classed  as  a  fresh  egg. 

KEEPING  THE  EGGS. 

When  the  clean,  fresh  eggs  are  gathered  they  should  be  put 
in  a  clean,  dry,  cool  place  until  marketed.  Even  though  the 
place  is  clean  and  cool,  if  it  is  not  dry,  molds,  etc.,  will  com- 
mence development  and  the  eggs  will  soon  spoil.  If  the  eggs 
become  damp  and  they  happen  to  be  in  contact  with  any  col- 
ored material  they  will  immediately  become  stained.  Good  egg 
cases  in  a  cool,  dry,  clean  place,  kept  up  off  of  the  floor,  make 
an  excellent  receptacle  in  which  to  keep  eggs  previous  to  mar- 
keting. 

Before  these  eggs  are  set  aside  for  market,  they  should  be 
gone  over  by  the  farmer  as  he  collects  them,  and  all  small, 
stained,  dirty,  doubtful,  incubator  and  rotten  eggs  should  be 
removed.  Small  and  dirty  eggs,  if  used  inmiediately,  are  just 
as  good  as  large  clean  ones,  but  they  will  not  sell  well  on  the 
maricet,  and  if  sent  in  with  good  eggs  will  spoil  the  trade. 
Therefore,  they  should  be  kept  and  used  at  home.  No  eggs 
should  be  washed,  for  the  packers  claim  they  will  not  keep 
well.  All  eggs  from  stolen  nests,  whose  freshness  is  doubtful, 
and  all  incubator  eggs,  should  either  be  thrown  away,  boiled 
for  the  little  chicks  or  used  at  home.  They  should  never  be 
sent  to  market    Rotten  eggs  need  not  be  discussed.    Any  per- 
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son  who  will  send  one  to  market  deserves  all  the  penalty  pos- 
sible from  the  pure-food  law. 

MARKETING  THE  EGGS. 

When  eggs  have  been  properly  gathered,  handled  and  kept 
previous  to  taking  to  market,  the  question  of  the  number 
of  trips  to  town  should  be  considered.  In  hot  weather  the 
eggs  should  be  marketed  two  to  three  times  per  week,  and 
oftener  if  possible.  If  that  number  of  trips  cannot  be  made^ 
cooperate  with  a  neighbor  and  have  him  alternate  days  in 
the  trips  which  must  be  made. 

In  the  fall  and  spring  eggs  should  be  marketed  at  least  once 
a  week.  Many  buyers  have  had  trouble  in  October  and  No- 
vember with  eggs  classed  as  "held  eggs.'*  These  are  common, 
because  most  farmers  believe  that  after  frost  eggs  will  not  rot 
so' quickly,  but  nevertheless  they  do  evaporate  and  the  air  cells 
in  them  show  the  candler  that  they  are  stale. 

Therefore,  the  more  often  eggs  are  marketed  the  greater 
are  the  chances  thai;  they  will  be  good.  If  the  sun  beats  down 
hot  on  the  wagon,  place  a  cover  of  some  kind  over  the  cases 
in  order  to  keep  out  the  unnecessary  heat. 

WHAT  THE  GRADES  ARE. 

If  a  farmer  takes  to  town  often  the  best  and  freshest  4dnd 
of  good  eggs,  he  should  get  more  for  them  than  a  man  who 
does  n't  He  clamors  for  a  grading  system,  while  the  other 
man  does  not.  But  it  makes  no  difference  what  eggs  are  taken 
in,  when  they  get  to  the  large  shipper  he  will  candle  and  grade 
them.  If  a  large  per  cent  run  bad,  he  quotes  accordingly,  and 
the  farmer  is  paid  by  the  small  dealer  at  so  much  per  case 
with  the  per  cent  of  bad  eggs  figured  in. 

There  are  two  ways  of  buying  eggs.  One  is  by  case  count, 
where  the  eggs  are  simply  counted  regardless  of  quality,  and 
the  other  is  by  loss  off,  where  the  eggs  are  candled  and  paid 
for  according  to  quality.  The  last  way  seems  to  be  the  fairest 
to  all  parties  concerned,  unless  possibly  during  the  months  of 
December,  January  and  February.  During  those  months  it 
does  not  seem  necessary.  Though  evciy  buyer  and  seller 
agrees  that  buying  loss  off  is  the  fairest  way,  many  buyers 
cannot  do  so,  because  competition  tempts  a  competitor  to  buy 
case  count  in  order  to  get  the  trade.  About  two  years  ago  this 
was  tried  by  several  buyers,  but  one  by  one  they  all  dropped 
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back  into  the  case-count  method,  because  they  were  afraid  of 
losing  their  business,  which  is  of  course  their  means  of  liveli- 
hood. But  one  buyer  says  that  during  that  period  his  cus- 
tomers received  from  1^  to  2  cents  more  per  dozen  than  when 
he  bought  case  count. 
The  ideal  way  to  grade  eggs  is  as  follows : 

Extras:    Weigh  28-26  ounces;  naturally  and  absolutely  clean,  fresh 

and  sound. 
No.  1.   Weigh  26-24  ounces;  sound,  fresh  and  reasonably  clean. 
No.  2.    Shrunken  or  stale,  washed,  small,  stained  and  dirty. 
No.  3.    Checks — cracked,  but  not  leaking. 
No.  4.    Rots.    Incubator  and  decomposed  eggs. 

The  way  eggs  are  now  often  gradedby  the  large  buyer  is  as 

follows : 

No.  1.    Sound,  good  size,  fresh  and  reasonably  clean  eggs,  any  color. 
No.  2.    Shrunken,  dirty,  stained,  washed  and  cracked  eggs. 
Rots.    Total  loss. 

If  this  first  system  could  be  adopted,  even  if  it  was  neces- 
sary to  abolish  the  class  called  extras,  the  man  with  good  eggs 
would  have  some  incentive  to  handle  them  properly. 

SCORING  EGGS. 

Below  are  two  systems  of  scoring  eggs,  which  might  be  used 
at  institutes  for  competition  with  eggs.  The  first  one  was  sug- 
gested by  Mr.  P.  E.  Crabtree,  institute  lecturer  for  the  Kansas 
State  Agricultural  College,  and  the  second  is  used  by  the  stu- 
dents in  poultry  husbandry  at  Cornell  University. 

MB.  CRABTREE'S  SCORE  CARD. 

26  per  cent Size. 

25  per  cent Shape. 

(  Size. 
25  per  cent Uniformity  of  \  Shape. 

(  Color. 
25  per  cent Shell. 

NEW  YORK  STATE  COLLEGE  OF  AGRICULTURE,  AT 
CORNELL  UNIVERSITY. 

Departbient  of  Poultry  Husbandry. 

dbscriftion  of  score  card  for  eggs. 

Dozen  eggs. 

DiequaUfieationB:  Extremes  in  size  and  shape;  rough,  freckled,  dirty, 
or  cracked  shells;  douhle  yolks;  shrunken,  cloudy,  spotted,  or  loose  con- 
tents. Entire  dozen  to  be  discarded  when  more  than  two  show  disquali- 
fications. When  two  or  less  eggs  show  disqualifications,  deduct  for  each 
egg  disqualified  8  points  from  the  final  score  of  the  dozen. 
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Grades. 

(Indicate  gndm  by  X.  XX,  XXX,  XXXX.) 

XXXX,  "Extras.''    Large  and  uniform  in  size  and  color,  weighing  28-26 

ounces  per  dozen.     Quality  perfect.     Score,  95 

per  cent  or  better. 
XXX,  "Firsts."     Good  size  and  uniform  in  size  and  color,  weighing  26-24 

ounces,  scoring  85  per  cent  or  better. 
XX,  "Seconds.''    Uniform  in  size  and  color  and  weighing  24-20  ounces, 

scoring  75  per  cent  or  better. 
X,  "Thirds."    Mixed  in  size  and  color  and  weighing  20  ounces,  scoring 

65  per  cent  or  better. 
Lower  than  20  ounces — not  worthy  of  a  score. 

Score  Card. 

Grade 

students' 
Scale  of  points — dosen  eggs.  Perfect  score.  estimate.  Corrected. 

Shape 10  

Uniformly  oval-like  outline. 


Ideal: 


Color 10 

Rich  dark  brown  for  brown  esirs,  and  clear,  pure  white  for  white 
Color  should  be  uniform  over  entire  shell,  and  tiirouffhout  the  dosen. 

Weight 20 » . 

For  each  ounce  short  of  the  class  standard,  cut  ^  point. 

Condition  of  shell 10 

Spotlessly  clean  and  unsmeared  or  flossy  by  washing. 

Quality 50 

Fresh  and  sweet;  clean,  viscous  white,  rich  golden  yolk  that  stands  up. 

Total  100 

CANDUNG. 

The  grades  above  mentioned  are  mostly  determined  by 
candling.  This  is  done  by  means  of  some  good  light,  enclosed 
in  a  box  or  metal  cylinder,  in  which  are  two  small  openings 
alongside  of  each  other,  to  allow  the  light  to  pass  through. 
The  room  in  which  this  is  kept  is  darkened,  and  the  candler 
holds  to  the  light  in  each  hand  an  egg,  large  end  upward,  and 
gives  them  a  quick  turn,  in  order  to  view  the  entire  contents 
as  it  whirls  in  the  shell.  To  an  expert  this  will  quickly  reveal 
the  actual  condition  of  the  egg,  and  he  will  immediately  grade 
and  pack  it  accordingly. 


Digitized  by  VjOOQIC 


Dec.  1909.]  The  Marketing  of  Eggs.  253 

To  a  novice  candling  is  hard  to  understand,  and  great  has 
been  the  trouble  in  the  past  when  buyers  have  sent  to  the 
farmers  the  reports  of  their  candling.  If  the  loss  is  great  he 
immediately  accuses  the  buyer  of  crooked  work,  and  the  grad- 
ing system  is  a  failure.  A  farmer  must  fully  realize  that  a 
large  buyer  is  not  going  to  figure  to  beat  him  out  of  a  few 
eggs,  for  the  chance  he  is  running  is  too  great  and  he  could 
not  afford  the  risk.  He  is  an  expert  in  the  business,  and  knows 
more  about  what  a  marketable  egg  is  than  does  the  average 
seller. 

An  absolutely  fresh  egg,  when  held  up  before  the  egg  candle, 
should  be  very  clear  and  only  the  dim  outline  of  the  yolk  be 
visible.  There  should  be  no  air  cell  visible.  Any  egg  other 
than  that  is  not  absolutely  fresh.  At  the  large  end  a  clear 
space,  called  the  air  cell,  becomes  larger  as  the  egg  grows 
older,  caused  by  the  evaporation  of  the  water  content  of  the 
egg.  If  a  dark  spot  is  noticed  it  is  either  a  rot  or  a  developing 
germ.  A  red  blood  ring  is  caused  by  a  dead  germ.  Whiter 
streaks  in  the  shell  show  that  it  is  cracked.  Thus,  eggs  may  be 
graded  by  candling  into  fresh,  stale,  cracked  and  rotten  classes. 

CAUSES  OF  LOSSES. 

There  are  three  big  dead  losses  in  eggs — ^losses  from  cracks, 
"held"  eggs,  and  "rots."  Cracks  are  usually  caused  by  ship- 
ping, due  to  rough  roads  and  handling.  The  railroads  will  not 
pay  for  the  losses,  unless  the  eggs  are  so  badly  cracked  that 
they  become  leakers  and  thus  show  clear  evidence  of  the  rail- 
road's guilt 

"Held"  eggs  are  caused  by  the  great  desire  of  either  farmer 
or  small  buyer  to  wait  for  an  advance  in  price.  This  is  espe- 
cially so  in  the  fall  of  ihe  year  when  the  price  is  apt  to  rise 
at  any  time. 

The  third  loss,  rotten  eggs,  is  caused  by  various  things. 
One  big  cause  is  the  heat  of  the  sunraier.  One  hour's  direct 
rays  of  the  sun  will  put  an  egg  out  of  condition  during  some 
of  Kansas'  hot  weather,  such  as  there  was  in  the  fall  of  1909. 
Another  is  by  the  hens  stealing  nests  and  the  eggs  not  being 
gathered  until  they  had  spoiled.  Third  is  by  carelessness  on 
the  part  of  the  farmer.  He  may  gather  his  eggs  from  one  to 
three  times  per  week,  then  take  them  to  the  kitchen,  put  them 
behind  the  stove,  because  it  is  the  most  protected  spot,  until 
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they  are  ready  to  be  taken  to  town.  Thus  the  eggs  go  through 
a  process  of  heating  and  cooling,  which  will  surely  cause  rot- 
ting. 

ANALYSIS  OF  EGGS. 

The  value  of  an  egg  as  food  is  well  known,  but  it  may  be 
well  to  give  at  this  time  a  compilation  of  the  analysis  of  469 
eggs  laid  by  23  hens,  of  the  Plymouth  Rock,  Rhode  Island  Red, 
Wyandotte  and  Leghorn  breeds,  which  was  done  in  the  chem- 
istry laboratory  at  the  Kansas  State  Agricultural  College,  by 
Dr.  J.  T.  Willard  and  assistant  R.  H.  Shaw,  and  published  in 
Bulletin  No.  159,  March,  1909. 

Per  oent.  Per  cent  Per  cent 

Wt.  in  ounces.      white.  yolk.  wmter. 

Egg 1.88  56.96  33.18  9.98 

EGG. 

Per  cent.  Per  cent  Per  cent 

protein.  fat  water. 

Egg   12.82  10.58  65.89 

Yolk  17.75  ,  32.27  40.58 

White    12.29  ....  87.63 

THE  PURE-FOOD  LAW. 

The  foregoitfg  subjects  have  been  discussed  with  the  idea  of 
instructing  the  producer  of  eggs  how  he  should  care  for  and 
market  his  eggs  and  the  results  caused  by  negligence.  There 
is  always  the  old  sajring  that  ''ignorance  is  bliss";  but  it  is 
also  true  that  ignorance  of  law  is  no  excuse  for  one  accused 
of  some  wrong  deed. 

It  is  hoped  that  the  aforementioned  facts  will  serve  to  show 
the  farmer  and  small  buyer  what  the  kinds  of  eggs  are  that 
should  be  marketed,  and  how  to  detect  undesirable  ones.  But 
if  any  one  who  sells  eggs  does  not  care  to  do  what  is  right  in 
the  egg  business,  then  there  is  a  law  with  which  he  may  be 
punished. 

This  can  be  found  under  the  Kansas  food  and  drugs  law,  and 
rules  and  regulations,  section  3 : 

"That  the  State  Board  of  Health  is  authorized  and  directed 
to  make  and  publish  uniform  rules  and  regulations,  not  in  con- 
flict with  the  laws  of  this  state,  for  carrying  out  the  provisions 
of  this  act  ... ;  and  said  Board  of  Health  is  further  au- 
thorized and  empowered  to  make,  define,  adopt  and  publish 
standards  of  quality,  purity  and  strength  for  food  and  drugs. 
Any  person  who  shall  violate  any  of  the  rules  and  regula- 
tions so  made  and  published  in  the  official  state  paper  shall  be 
deemed  guilty  of  a  misdemeanor,  and  on  conviction  shall  be 
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punished  by  a  fine  not  exceeding  fifty  doUara  or  imprisonment 
in  the  county  jaU  not  more  than  six  months,  or  both,  in  the 
discretion  of  the  court/' 

"Sec.  7.  .  .  . ;  sixth,  if  it  consist  in  whole  or  in  part  of  a 
filthy,  decomposed,  tainted  or  putrid  animal  or  vegetable  sub- 
stance or  any  portion  of  an  animal  unfit  for  food,  whether 
manufactured  or  not,  or  if  it  is  the  product  of  a  diseased 
animal  or  one  that  had  died  otherwise  than  by  slaughter.*' 

"Regulation  11.  (a)  The  sale,  keeping  for  sale  or  offering 
for  sale  of  any  food  product  that  contains  a  poisonous  or  dele- 
terious ingredient  or  substance  due  to  filth,  putrescence,  dis- 
ease or  decomposition  is  prohibited. 

(6)  The  sale,  keeping  for  sale  or  offering  for  sale  of  un- 
drawn  poultry,  game  or  fish  is  prohibited. 

(c)  The  sale,  keeping  for  sale  or  offering  for  sale  of  tainted 
or  rotten  eggs  is  prohibited." 

"Regulation  31.  The  serving  for  food  in  any  restaurant, 
hotel  or  dining-car  in  Kansas  of  any  poultry,  game  or  fish  that 
has  been  refrigerated  or  kept  in  cold  storage  with  the  crop  or 
entrails  undrawn  is  prohibited." 

During  the  past  year  the  punishment  of  offenders  of  the 
above  mentioned  have  been  very  few.  Nevertheless  the  per- 
petrators of  this  act  have  been  very  numerous.  It  is  known, 
however,  that  the  selling  of  bad  eggs  is  carried  on  mostly  be- 
cause of  ignorance  on  the  part  of  the  seller.  Now  that  a  pub- 
lication of  the  proper  way  to  handle  eggs  has  been  made,  there 
is  no  reason  whatever  why  every  person  who  sells  a  bad  ezz 
should  not  be  punished  to  the  limit. 

Dr.  S.  J.  Crumbine,  secretary  of  the  State  Board  of  Health, 
has  promised  the  writer  that  he  will,  sometime  in  the  year 
1910,  take  his  entire  corps  of  inspectors  and  make  a  campaign 
over  the  state  for  any  who  violate  tiie  pure-food  law  as  re- 
gards eggs.  This  will  certainly  be  done,  and  if  possible  pushed 
to  the  limit,  so  it  behooves  every  one  who  handles  eggs  to  be 
as  careful  as  possible  in  the  marketing  of  them.  This  is  not  a 
pleasant  or  desirable  thing  to  do,  but  if  necessity  demands  it 
prosecutions  will  be  made. 

REMEDIES. 

The  great  loss  to  the  state  caused  by  the  existence  of  rotten 
eggs  and  the  ways  of  eliminating  them  have  been  discussed, 
and  it  is  now  evident  that  to  the  businesslike  farmer  there  is 
a  way  whereby  he  may  improve  his  egg  business  and  yet  make 
money  by  so  doing.  ^ 
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It  is  hardly  reasonable  to  expect  any  one  to  improve  their 
business  conditions  unless  they  realize  a  financial  b^efit  there- 
from. Eveiy  one  likes  to  produce  the  best  of  anything,  but  if 
they  find  that  more  cash  can  be  made  by  selling  an  inferior 
grade  of  stuff  it  surely  seems  reasonable  that  they  do  so.  But 
in  this  question  of  handling  eggs  an  improvement  means  more 
profit  and  should  therefore  be  done. 

There  are  three  ways  whereby  a  poultr3rman  may  dispose  of 
his  marketable  eggs.  First,  by  selling  to  a  buyer,  who  either 
ships  without  grading  or  candles  and  disposes  of  them  accord- 
ing to  their  quality.  By  this  method  of  selling,  the  producer 
is  able  to  take  advantage  of  the  intense  competition,  which  is 
generally  ever  present  among  local  buyers.  That  raises  the 
general  run  of  prices,  until  some  merchants  will  even  com- 
plain that  they  are  too  high  for  them  to  realize  any  profit  after 
the  eggs  have  been  candled. 

If  a  farmer  brings  in  good  No.  1  eggs  every  week,  he  should 
get  more  for  them  than  any  one  else.  At  the  present  time  he 
does  n't,  and  the  tendency  is  to  let  the  care  of  the  eggs  slide. 
The  compiled  data,  shown  on  page  245,  shows  the  number  of 
buyers  who  say  that  they  could  afford  to  pay  better  prices  for 
extra  good  eggs.  It  also  shows  how  much  they  could  afford 
to  pay  and  the  number  who  will  pay  it.  Would  this  increase 
amount  to  much  to  the  farmer?  The  average  increase  is  1^ 
or  2  cents  per  dozen.  Let  us  figure  that  the  average  Kansas 
farmer's  hen  produces  100  eggs  per  year.  If  he  has  200 
hens,  they  will  produce  20,000  eggs  for  him  yearly.  If  one- 
fourth  of  this  number  are  consumed  at  home,  then  15,000  will 
be  salable.  A  premium  of  2  cents  per  dozen  would  mean 
1250  X.02  =  $25.  Is  it  not  worth  the  trouble  financially,  not 
considering  the  law,  to  take  care  of  the  eggs  produced? 

The  question  now  comes  up  as  to  how  to  get  the  buyer  to 
pay  this  premium.  The  storekeeper  will  not  do  it;  and  if  he 
won't,  then  let  him  lose  the  trade  and  you  ship  to  a  near-by 
large  buyer.  They  will  be  glad  to  get  this  trade  and  will  treat 
you  in  the  best  possible  way.  At  first  they  will  quote  market 
prices  only,  until  they  are  satisfied  that  the  quality  is  as  repre- 
sented, then  they  can  be  made  to  pay  the  desired  premium. 

One  buyer  told  the  writer  of  several  customers  who  brought 
in  superior,  large,  fresh  eggs,  but  on  account  of  the  prevail- 
ing methods  they  received  no  more  for  them  than  any  one  else. 
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The  question  was  then  asked  of  him  as  follows :  "If  those  cus- 
tomers would  ask  you  for  a  premium  for  their  eggs,  would  n't 
you  pay  a  reasonable  one,  rather  than  lose  their  trade?'' 
The  quick  reply  was,  'Tes,  indeed."  That  is  but  one  method 
whereby  a  farmer  can  make  a  buyer  pay  him  for  his  efforts. 
But  since  the  average  farmer  will  not  hustle  trade,  the  buyer 
will  of  course  not  offer  it.  Egg  buyers  compete  for  eggs  and 
they  desire  that  they  be  good,  so  why  cannot  the  producer 
compel  him  to  pay  for  quality?  All  of  this  may  not  seem  rea- 
sonable in  all  communities,  and  yet  the  writer  has  yet  to  see 
over  a  dozen  poultrymen  who  hustle  business  for  their  egg 
trade.    They  seem  content  to  take  what  is  offered. 

In  the  present  day  of  the  farmer,  who  at  leaSt  desires  to  be 
businesslike  with  most  of  his  farm  work,  there  is  no  reason 
whatever  why  several  in  a  community  cannot  ship  eggs  to- 
gether in  lots  of  fifteen  dozen  and  upward,  and  work  up  a 
business  that  will  be  large  enough  to  make  a  buyer  want  their 
trade.  In  Denmark  the  cooperative  handling  of  eggs  has 
been  successful  for  years.  In  Quebec,  Canada,  it  has  been 
working  successfully  in  several  communities.  In  the  Southern 
states  there  are  also  several  cooperative  egg  localities. 

In  Kansas  codperative  poultry  associations  could  be  easily 
managed  with  profit  to  all.  Other  codperative  organizations 
are  successful,  and  why  not  those  with  poultry  and  its  prod- 
ucts? 

In  case  an  association  of  this  kind  is  agitated,  the  following 
suggestions  are  made  for  its  benefit:  Secure  a  number  who 
are  interested  enough  to  stick  to  the  association,  whether  they 
lose  a  little  at  first  or  not,  and  organize  them  into  an  associa- 
tion, adopting  a  constitution,  which  shall  give  the  name,  object, 
membership,  dues,  officers  and  their  duties,  meetings  and  rules. 
Under  the  rules  should  be  given  the  grades  of  eggs  and  of 
poultry  and  the  proper  way  to  handle,  mark  and  market  them. 
This  can  be  made  very  successful  in  small  communities,  if  only 
tried.    If  nothing  is  ventured  nothing  is  gained. 

The  second  way  of  marketing  eggs  is  to  sell  at  retail,  or  at  a 
slight  premium,  to  a  hotel  or  restaurant  where  they  will  buy 
in  quantities  and  yet  pay  well  for  good  produce.  One  farmer 
who  kept  800  White  Leghorns  told  the  writer  that  this  method 
of  supplying  one  good  restaurant  netted  him  a  clear  profit  of 
over  one  dollar  per  hen  each  year. 
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The  last  method  is  to  sell  to  private  trade,  by  peddling 
around  lo  small  customers  and  selling  at  a  premium.  This  way 
is  not  used  in  this  state,  but  is  a  good  one,  nevertheless.  To 
prove  this,  an  example  will  be  given.  In  the  fall  of  1908  the 
Poultry  Division  of  the  Kansas  State  Agricultural  College  en- 
deavored to  market  nice,  first-class  eggs,  all  one  color,  in  fancy 
cartons,  and  sell  them  at  a  premium.  The  idea  was  laughed 
at  by  many,  and  predictions  were  made  as  to  its  quick  failure. 
For  two  months  the  situation  looked  unfavorable,  but  in  a 
short  time  trade  picked  up  and  in  one  year  these  eggs  were 
bargained  for  a  week  before  they  were  laid,  the  buyers  to  call 
at  the  poultry  house,  and  the  price  paid  to  be  four  or  five  cents 
above  downtown  retail  prices.  An  example  of  how  this  worked 
may  give  the  reason  for  its  success.  One  customer  called  for 
a  dozen  eggs,  but  refused  to  take  them  when  three  cents  pre- 
mium was  requested.  In  three  days  he  came  back,  asking  to 
have  his  name  kept  on  the  regular  order  sheet.  He  said  that 
the  eggs  he  bought  in  town  contained  too  many  bad  ones  to 
suit  him.  It  has  therefore  been  proved  in  a  town  such  as  Man- 
hattan, where  there  is  little  demand  for  fancy  trade  of  any 
kind,  that  there  are  always  some  people  who  will  pay  for 
quality. 

The  Poultry  Division  has  a  small  and  rather  inefficient 
poultry  plant,  but  its  employees  are  always  ready  to  help  and 
visit  any  who  are  sufficiently  interested  to  send  a  letter.  The 
poultry  industry  of  the  state  is  so  large  and  its  reputation  so 
great  that  there  seems  no  plausible  reason  why  it  cannot  be 
among  the  first  in  efficiency  and  quality. 

The  egg  question  and  its  relation  to  the  farmer's  pocket- 
book  is  but  one  phase  of  the  poultry  business,  ft  is  hoped,  if 
the  proper  support  is  given,  to  work  on  others  later.  This 
pamphlet  is  written  simply  to  appeal  to  the  reason  of  the 
farmer  with  regard  to  the  marketing  of  his  eggs.  The  law  is 
already  made,  and  it  is  hoped  will  not  need  to  be  enforced  in 
1910. 
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NAMES  AND  ADDRESSES  OF 
FILLED  OUT  BLANKS  SENT 
MARKETING  OF  EGGS. 


M«reantile  Co.,  Channte. 
Aothony  Poaltrj  and  Ess  Co.,  Anthony. 
B«atrie«  Craamenr  Co.,  Topeka. 
S.  M.  Bak«r  Produee  Co.,  CaklweU. 
W.  W.  Brown,  Salina. 
J.  B.  Brewer  Co..  Abilene. 
Beatrice  Creamery  Co..  Salina. 
Barker  Mercantile  Co.,  Bums. 
Karl  Bums,  Ellsworth. 
Bucklin  Produce  Co.,  Bucklin. 
Brumrarat  Produce  Co.,  Victoria. 
Farmers  Produce  Co.,  Burlinsrton. 
E.  Buenninss.  Plainville. 
A.  ChiMs,  Lindsbors. 
J.  C.  Cooper,  Lincoln. 
H.  A  Cowen,  Hays. 
S.  U.  Christian,  Cassaday. 
D.  Corkins.  Cimarron. 
R.  D.  Carpenter  &  Co.,  Hartford. 
H.  C.  Dryden.  Harper. 
Downs  Produce  Co.,  Downs. 
J.  D.  Emery.  Glen  Elder. 
Ellsworth  Produce  Co..  Ellsworth. 
Francisco  A  Egbert,  In^alls. 
Fravel  A  Lewis,  Kinsley. 
Florence  Creamery  Co.,  Florence. 
D.  F.  Praker,  Ellsworth. 
B    F.  AycufT,  Gamett 
J.  F.  Grennan,  Waverly. 
Gamett  Poultry  and  Produce  Co.,  Gamett. 
Grovier  Produee  Co.,  Great  Bend. 
Hill  &  McQuary,  Hiawatha. 
M.  J.  Hopper  A  Son,  Cimarron. 
Howard  A  Howard.  Belleviiie. 
Hoops  A  Frizzell  Produce  Co.,  Kinsley. 
T.  .ensen  Brothers,  McPherson. 


KANSAS    EGG    BUYERS    WHO 
TO  THEM  CONCERNING  THE 


T.  Jensen  A  Bros.,  Emporia. 

Kansas  Ice  and  Storage  Co.,  Salina. 

A.  S.  Kininmonth,  Winfield. 

Kansas  Egg  and  Poultry  Co.,  Hillshoro. 

Louis  Kesler  A  Son,  Hiawatha. 

Latham  A  Son,  Ottawa. 

Little  River  Produce  Co.,  Little  River. 

H.  R.  Morris,  Mapleton. 

J.  L.  Martin,  Watonia. 

Metz  Bros.,  Concordia. 

Morris  Produce  Co.,  Russell. 

Marion  Produce  Co.,  Marion. 

National  Poultry  and  Egg  Co.,  Atchison. 

John  Nemechek,  Ellsworth. 

Alec  Ogle.  Smith  Center. 

O'Connor  A  Stratton,  Hartford. 

L.  L.  Place.  Cedar  Point 

Palmer  Bros..  Pittsburg. 

Seymour  Packing  Co..  Topeka. 

Perry  Bros.,  Manhattan. 

A.  E.  Patterson,  Wellsville. 

Paden  A  Thompson,  Lyonn. 

J.  H.  Reid.  Lcbo. 

W.  J.  Riggs.  Pavyrnee  Rock. 

Rothe  Mercantile  Co..  Otis. 

Springer  Produce  Co..  Geneseo. 

Salina  Poultry  Co..  Salina. 

Swift  A  Co.,  Hutchinson. 

Jno.  Stuart,  Concordia. 

Scheuerman  A  Son,  Otis. 

Sylvan  Grove  Produce  Co.,  Sylvan  Grove. 

H.  C.  Schlegel.  Otis. 

Tampier  A  Knakal,  Wilson. 

E.  L.  Thomas,  Nortonville. 

Wells  Bros.  Produce  Co..  Coffeyville. 

W.  S.  Young,  Lamed. 
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Dr.  F.  S.  SCHOENLEBER Veterinarian  in  Charge  and  State 

Veterinarian. 
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WORK  OP  THE  DEPARTMENT  OP  VETERINARY  SCIENCE. 
SCHOOL  OP  VETERINARY  MEDICINE: 

Giving  a  full  four-year  course  of  instruction  and  graduating 
students  with  the  degree  of  Doctor  of  Veterinary  Medicine. 

Investigating  com  mold  and  troubles  caused  by  diseased  com 
and  stalks. 

Production  of  anti-hog-cholera  serum. 

Production  of  blackleg  vaccine. 

State  veterinary  work  of  investigating  contagious  diseases. 

Veterinary  work  connected  with  the  State  Live-stock  Regis- 
try Board. 

Supervision  of  testing  cattle  for  tuberculosis. 


Special  lines  of  investigation  are  taken  up  from  time  to  time, 
as  necessity  demands. 

Bulletins  are  issued  on  these  subjects,  which,  with  the  bul- 
letins of  other  departments  of  the  Station,  may  be  obtained 
free  of  charge  by  residents  of  the  state,  by  addressing  the 
Director,  Experiment  Station,  Manhattan,  Kan. 
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HOG  CHOLERA  AND  VACCINATION. 


In  many  sections  of  the  state  of  Kansas  hogs  would  be  the 
most  profitable  of  all  crops  if  it  were  not  for  the  ravages  of 
hog  cholera.  The  value  of  this  crop  would  be  increased  several 
hundred  thousand  dollars  per  year  in  the  state  if  the  cholera 
could  be  kept  in  check,  and  the  Kansas  State  Agricultural  Col- 
lege has  undertaken  this  task  through  the  production  and  dis- 
tribution of  anti-hog*cholera  serum.  During  the  year  1910  the 
college  expects  to  produce  upwards  of  2,000,000  cc.  (cubic  cen- 
timeters) of  the  serum,  or  over  100,000  doses.  A  considerable 
of  this  serum  has  already  been  produced  and  thoroughly  tested 
both  at  the  college  and  in  private  herds.  These  results  warrant 
the  above  statements.  The  first  serum  that  was  produced  at 
the  college  was  tested  by  the  veterinarians  with  a  representa- 
tive of  the  United  States  Department  of  Agriculture.  It  was 
done  as  follows : 

Six  susceptible  shotes  (pigs  which  would  take  the  cholera 
very  easily)  were  used,  each  weighing  about  forty  pounds. 
They  were  each  given  two  cubic  centimeters  of  virulent  blood, 
injected  into  the  muscles  of  the  thigh.  (Virulent  blood  is  blood 
filled  with  the  germs  of  hog  cholera  and  is  taken  from  a  hog 
almost  ready  to  die  with  the  disease.)  Two  of  these  pigs  were 
each  given  in  addition  to  this  blood  a  full  dose  (20  cc)  of  the 
anti-hog-cholera  serum. 

Two  more  were  given  only  three-quarters  of  the  regular  dose 
of  serum  (15  cc).  These  pigs  were  all  of  about  the  same  age, 
size  and  condition,  and  were  all  kept  in  the  same  pen,  fed  and 
cared  for  alike. 

The  results  were  as  follows:  The  two  which  received  the 
virulent  blood  only  promptly  died  with  acute  hog  cholera  as 
shown  upon  posUmortem  examination.  The  one  died  on  the 
sixth  day  and  the  other  on  the  seventh  day  after  the  injections 
were  made.  The  remaining  four,  the  ones  which  received  a 
dose  of  the  serum  in  addition  to  the  virulent  blood  never  lost  a 
feed  and  have  remained  well  and  hearty  since. 

This  showed  that  when  the  serum  was  given  in  only  three- 

(259) 


Digitized  by  VjOOQIC 


260  Veterinary  Department.  [Bull.  163 

quarters  of  a  full  dose  it  protected  the  pig  against  the  cholera, 
showing  that  the  serum  was  highly  potent. 

Before  any  serum  produced  at  the  Kansas  State  Agricul- 
tural College  is  sent  out  or  used,  it  must  be  tested  in  the  same 
way;  it  must  prove,  as  the  first  did,  that  it  will  prevent  the 
vaccinated  hog  from  taking  the  cholera — it  must  prove  potent. 


Fig.  I.    Some  of  the  buildinsrs  used  in  the  production  of  anti-hosr  cholera  nermn 
at  the  Kansas  State  Asrricultural  College. 

Natural  Immunity  and  Susceptibility.  During  an  out- 
break of  hog  cholera  there  are  usually  a  few  hogs  in  the  herd 
which  do  not  show  any  signs  of  being  sick.  We  say  these  hogs 
are  naturally  immune — ^that  is,  they  either  have  only  a  very 
slight  attack  of  the  disease  or  they  do  not  take  the  disease  at 
all.  After  a  hog  has  recovered  from  an  attack  of  the  cholera, 
it  is  also  immune  and  will  not  take  the  disease  the  second  time. 
Some  of  the  herd  take  the  disease  and  die  in  a  few  days ;  these 
we  say  are  more  susceptible — ^that  is,  they  take  it  much  more 
readily.  A  strong,  healthy  hog  is  considerably  less  susceptible 
than  one  which  has  been  neglected  in  the  way  of  feed  or  care. 
One  peculiarity,  however,  is  that  quite  fat  and  pampered  hogs 
seem  more  susceptible  than  those  in  ordinary  feeding  or  grow- 
ing condition.    In  either  case  the  vitality  has  been  reduced. 

Artificial  Immunity  and  Vaccination.  A  hog  can  be 
made  immune  by  vaccinating  with  anti-hog-cholera  serum,  so 
he  will  not  take  the  disease.  This  is  called  artificial  immunity 
and  jnay  last  for  a  few  weeks  only,  or  during  the  life  of  the 
animal,  according  to  the  method  used  in  vaccination.    A  very 
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young  pig,  however,  may  outgrow  this  artificial  immunity  an<l 
require  to  be  revaccinated,  on  the  same  principle  as  the  human 
being  is  revaccinated  against  smallpox  at  variable  periods  of 
time. 

Figure  1  shows  a  number  of  the  buildings  used  at  the  Agri- 
cultural Ck)llege  for  the  production  of  the  serum.  The  larger 
building  is  used  for  the  laboratories,  the  medium-sized  one  for 
a  bleeding-house  (8  by  10  ft.),  and  the  smaller  ones  for  the 
pigs  which  furnish  the  virulent  blood.  The  small  houses  are 
stood  over  a  water-tight  trough,  which  is  filled  with  antiseptic 
solution  so  that  all  of  the  germs  in  the  seepage  from  the  pens 
are  caught  in  this  trough  and  killed  in  this  solution.  (These 
houses  are  4  by  6  feet,  and  usually  contain  four  diseased  pigs.) 
After  each  lot  of  pigs  are  removed  the  houses  are  thoroughly 
disinfected  and  aJl  straw  and  litter  burned  to  prevent  the 
spread  of  the  disease. 

Figures  III  and  IV  show  the  inside  of  the  laboratbries  and 
figure  VTI  shows  the  inside  of  the  bleeding-house  where  the 
blood  is  drawn  which  furnishes  the  serum.  This  process  re- 
quires great  care  and  cleanliness.  The  hog  is  first  covered 
with  a  sterile  cloth  to  prevent  any  dirt  or  germs  from  dropping 
into  the  vessel  which  collects  the  blood  as  it  is  drawn  from  the 
animal.  The  tail  is  shaved  closely,  then  thoroughly  sterilized 
with  a  strong  antiseptic  solution  before  each  bleeding.  The 
blood  is  immediately  taken  to  the  laboratory  and  defibrinated, 
leaving  only  the  fluid  part  of  the  blood,  which  we  call  the 
serum.  To  this  serum  is  added  a  small  amount  of  a  weak  solu- 
tion of  carbolic  acid  to  partially  preserve  it.  It  is  then  stored 
in  a  cool  place  until  tested  on  some  pigs,  when,  if  it  proves 
potent,  it  is  ready  for  use. 

How  Serum  is  Produced.  Before  the  hog  is  ready  to  be  bled 
for  this  serum  it  must  first  undergo  the  process  of  hyperim- 
munization — ^that  is,  his  blood  must  be  brought  into  a  condition 
so  that  when  it  is  drawn  and  injected  into  other  hogs  it  will 
prevent  them  from  taking  the  cholera.  For  this  process  one  is 
taken  which  is  immune  to  cholera — ^that  is,  it  has  either  re- 
covered from  a  case  of  cholera  or  has  been  vaccinated  against 
the  disease,  and  will  therefore  not  take  the  disease  again.  Into 
this  animal  is  injected,  through  the  veins  of  the  ear  usually, 
five  cubic  centimeters  of  virulent  blood  for  each  pound  of 
weight  of  the  hog;  for  instance,  a  200-pound  hog  receives 
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^1000  cc.  of  virulent  blood.  After  ten  days  the  hog  is  ready 
to  produce  blood  for  serum  and  is  bled  usually  three  times 
more  at  intervals  of  seven  days,  and  if  the  tail  holds  out  he  is 
then  rehyperimmunized  and  again  bled  two  or  three  times,  the 
same  as  before.  In  either  case  at  the  last  bleeding  the  hog  is 
killed  and  all  of  his  blood  taken.  The  serum  from  all  of  these 
drawings  is  mixed  together  and  its  potency  tested.  If  it  is 
potent,  it  is  ready  for  use.  This  is  necessary  as  the  serum 
from  the  last  drawing  is  usually  less  potent  than  that  from  the 
first  drawings,  and  after  it  is  all  mixed  together  it  should  be 
a  serum  of  average  potency. 


Fig.  III.    Serum  laboratory.    Mixing  the  serum. 

The  amount  of  serum  produced  from  each  drawing  varies 
with  the  size  of  the  hog,  with  his  condition,  the  character  of 
the  weather  and  the  manner  in  which  the  animal  has  been  fed 
and  cared  for.  A  200-pound  hog  will  produce  usually  600  cc 
of  serum  at  each  bleeding,  or  a  total  of  3000  cc. — ^the  last 
bleeding  when  killed  usually  yields  1200  cc.  of  serum. 
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It  takes  much  practice  and  patience  to  inject  such  a  lar^ 
quantity  of  blood  into  the  ear  vein  and  also  to  draw  such  a 
large  quantity  from  the  tail  of  the  hog.  All  of  these  opera- 
tions must  be  done  with  thoroughly  antiseptic  precautions,  to 
produce  potent  serum  and  to  prevent  injury  to  the  pig  itself 
or  accidents  to  the  serum. 

To  produce  virulent  blood  enough  to  h3T)erimmunize  a  200- 
pound  hog  requires  three  or  four  pigs  weighing  about  forty 
pounds.  They  must  be  given  a  severe  form  of  the  disease  and 
must  be  ready  to  kill  at,  or  near,  a  certain  time,  as  the  virulent 
blood  must  be  used  for  this  work  within  a  few  hours  after 
drawing.  Again,  in  testing  the  serum  it  is  necessary  to  use 
several  more  pigs.  These  are  not  all  a  total  loss  as  it  is  usually 
possible  to  save  their  blood  by  killing  them  when  they  are 
about  to  die  with  the  disease.  Here  again  is  the  knowledge  of 
the  expert  required.  If  the  pig  is  killed  too  soon,  the  blood  is 
not  virulent  enough  for  use,  and  if  allowed  to  go  too  long  be- 
fore killing,  the  pig  is  liable  to  die  and  the  blood  cannot  then 
be  used  at  all.  In  order  to  produce  this  3000  cc.  of  serum  it 
requires  one  200-pound  hog  and  about  five  smaller  pigs.  This 
amount  of  serum  will  vaccinate  about  150  hogs,  so  that  for 
every  6  pigs  sacrificed  the  lives  of  150  are  saved,  or  one  pig  for 
25   (4  per  cent) . 

Experts  Necessary  to  Produce  This  Serum.  Two  expert 
graduate  veterinarians  with  several  high-grade  helpers  are 
now  devoting  their  whole  time  to  the  production  of  this  serum 
under  the  direction  of  the  head  of  the  veterinary  department. 
This  high-grade  help  is  necessary;  it  reduces  the  danger  of 
producing  poor  serum  and  also  reduces  the  cost  to  a  minimum 
as  poor  serum  cannot  be  used  at  all. 

Cost  op  the  Serum  and  Size  op  the  Dose.  After  the  serum 
has  been  tested  and  found  to  be  potent,  it  is  put  up  in  bottles 
of  three  sizes,  sealed,  and  stored  in  a  cement  cellar  where  it  can 
be  kept  at  an  even  temperature  until  sent  out  for  use.  The 
small-sized  bottle  holds  100  cc.,  or  enough  serum  to  vaccinate 
five  shotes  weighing  from  30  up  to  100  pounds.  The  dose  for 
this  size  animal  is  20  cc.  The  larger  bottles  hold  500  cc.  and 
1000  cc  respectively,  or  25  and  50  ordinary  doses. 

A  pig  weighing  less  than  30  pounds  requires  only  from  10  to 
15  cc.  of  serum.  The  large  hog  requires  an  increased  dose,  de- 
pending somewhat  upon  his  weight  and  condition.    Ordinarily 
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a  hog  weighing  500  pounds  would  require  at  least  60  cc,,  and 
the  pampered  and  very  fat  hog  a  larger  proportionate  dose. 

At  the  present  time  the  cost  of  the  serum  approximates 
somewhere  in  the  neighborhood  of  one  and  one-half  cents  per 
cubic  centimeter,  at  which  price  it  is  sold,  making  the  cost 
per  dose  for  the  shote  of  100  pounds  or  less  30  cents  for  the 
serum  only.  As  the  college  has  no  funds  for  the  production  of 
the  serum,  it  will  be  necessary  to  make  a  charge  for  it,  at  least 
until  after  the  meeting  of  the  next  legislature. 


Fio.  IV.     Defibrinatinir  the  virulent  blood.     Serum  laboratory. 

Only  the  actual  cost  of  the  production  will  be  charged,  how- 
ever. At  this  time  we  have  not  had  enough  experience  in  its 
manufacture  to  gauge  accurately  the  cost,  and  the  price  fixed 
above  is  based  on  the  best  information  we  have  in  our  own  ex- 
perience and  on  the  experience  of  other  states.  Michigan 
charges  its  farmers  two  cents  per  cc,  or  40  cents  per  average 
dose.    Minnesota  charges  about  the  same.    The  Iowa  legisla- 
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ture  appropriated  $8000  for  the  manufacture  of  this  serum 
and  they  are  charging  their  farmers  "about  50  cents  for  a  dose 
sufficient  to  inoculate  a  hog  weighing  150  pounds."  Ohio  has 
three  qualified  veterinarians  upon  this  work  and  they  are  sell- 
ing the  serum  at  25  cents  for  an  average  dose. 

Every  economy  will  be  practiced  that  is  consistent  with  the 
production  of  serum  of  high  protective  powers  and  free  from 
any  foreign  infection.  It  is  hoped  that  it  will  be  found  possible 
to  produce  this  serum  at  a  lower  cost  than  thirty  cents  for  an 
average  dose.  In  any  case  the  price  will  be  determined  by  the 
cost  of  production,  and  in  no  case  will  any  profit  be  charged. 

Vaccinating  Hogs.  Anti-hog-cholera  serum  will  not  cure 
hog  cholera  any  more  than  vaccinating  will  cure  a  human  being 
who  is  sick  with  smallpox.  It  is  true  that  vaccinating  may  re- 
duce the  severity  of  the  case  when  done  in  the  beginning  of  the 
disease,  or  at  the  time  of  first  exposure,  but  it  is  not  expected 
to  cure  the  disease.  The  same  is  true  in  vaccinating  a  hog. 
The  serum  will  not  cure  the  disease,  but  it  will  prevent  it. 

Two  Methods  op  Vaccinating.  The  first  method  is  to  use 
the  serum  alone.  In  this  method  there  is  simply  injected  into 
the  muscles  of  the  hog  a  dose  of  the  anti-hog-cholera  serum, 
which  makes  the  hog  immune  against  cholera  for  a  time  vary- 
ing from  a  few  weeks  to  several  months.  This  is  the  method 
used  when,  for  instance,  a  very  fat  show  herd  is  vaccinated. 
It  is  absolutely  safe. 

It  is  also  used  in  herds  where  the  cholera  already  exists  and 
some  of  the  animals  have  been  exposed  only  a  few  days.  After 
the  disease  has  been  in  a  herd  for  three  or  four  days,  vaccinat- 
ing seldom  does  any  good.  Thus  the  earlier  the  vaccination  in 
these  cases  the  more  certain  the  results.  A  day's  time  here  may 
mean  either  the  losing  or  saving  a  large  part  of  the  herd. 

Where  vaccinating  is  done  in  diseased  herds,  the  amount  is 
increased  from  one-half  to  double  the  regular  sized  dose.  The 
second  method  is  one  in  which  there  is  some  danger,  but  the  re- 
sults, if  the  animal  survives,  renders  it  immune  for  the  rest  of 
its  life.  It  is  the  so-called  serum  simultaneous  method,  in 
which  there  is  injected  at  the  same  time,  in  addition  to  the 
serum,  a  small  amount  of  virulent  blood  or  blood  taken  from  a 
hog  very  sick  with  the  cholera.  This  method  really  gives  the 
hog  a  very  slight  form  of  the  disease  and  as  a  consequence  the 
animal  does  not  take  the  cholera  the  second  time — it  has  been 
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artificially  immunized.  This  is  the 
most  satisfactory  method  and  is  used 
in  a  healthy  herd,  that  is,  before  they 
become  infected.  Great  care  is  here 
necessary  that  too  much  of  the  virulent 
blood  is  not  used ;  if  the  dose  of  this  is 
too  large,  the  form  of  the  disease  may 
become  so  severe  as  to  make  the  hog 
quite  sick  with  the  cholera  or  even 
cause  death. 

Veterinarians  Will  Do  the  Vac- 
cinating. On  account  of  using  the 
di.ngerous  virulent  blood  and  the  ease 
with  which  these  germs  are  spread,  it 
has  seemed  advisable  to  have  the  vacci- 
nating, done,  for  a  time  at  least,  by 
graduate  veterinarians,  who  have  re- 
ceived proper  instructions  in  the  meth- 
ods and  are  qualified  to  handle  the 
dangerous  materials.  This  will  reduce 
the  danger  to  a  minimum,  as  in  spite 
of  the  greatest  care,  there  are  at  times 
losses  from  vaccinating. 

Age  to  Vaccinate  and  Size  of 
Dose.  The  shote  weighing  from  30  to  100  pounds  is  taken  as 
the  standard  size  and  the  dose  is  20  cc.  of  serum  and  2  cc  of 
virulent,  or  infected,  blood.  In  larger,  fat  or  pampered  hogs 
the  dose  is  one-half  more  to  double  this  amount,  the  maximum 
dose  being  60  cc.  Suckling  pigs  a  quarter  to  a  half  less.  It  is 
always  to  be  remembered  that  the  younger  the  pigs  are,  the 
more  probability  there  is  of  their  outgrowing  the  immunity. 
Suckling  pigs  are  liable  to  become  susceptible  again  in  the 
course  of  several  months.  Hogs  in  infected  herds  also  receive 
about  one-half  more  or  a  double  dose,  and  if  it  helps  them, 
they  should  be  revaccinated  in  from  four  to  six  days. 

Immediate  Effects  of  Vaccination.  When  the  serum  is 
potent  and  the  work  properly  done  the  hog  seldom  loses  a  feed. 
The  serum,  however,  causes  a  reaction  and  slight  fever  in  the 
animal  and  for  several  days  the  temperature  may  vary  several 
degrees,  sometimes  going  to  106  degrees  and  even  higher. 
From  six  to  ten  days  after  vaccinating  the  temperature  should 
be  back  to  normal  again — about  103  degrees. 


Fio.  V.  Hypodermie  ■jrins*, 
holdins  20  oe.,  uMd  In 
hsrperimmunixins  and  tm- 
einatinff  hoss. 
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FlQ.  VI.  Diseased  kidney,  showinff  the  spotted  appeantnce 
frequently  found  upon  post  mortem  in  hoffs  whieh  have 
died  with  the  cholera. 

Losses  from  Vaccination.  The  susceptibility  of  hogs  to  the 
disease  varies  greatly  in  different  herds  and  even  in  the  same 
herd.  This  was  mentioned  when  describing  the  different  de- 
grees of  immunity,  the  one  condition  really  being  the  opposite 
of  the  other.  At  times  there  are  a  few  hogs  in  a  herd  which  are 
so  susceptible  to  the  cholera  germ  that  no  amount  of  serum  will 
prevent  them  from  dying  with  the  disease.  Again  there  is  some 
danger  of  losses  in  vaccinating  hogs,  not  alone  from  the  fact 
that  they  might  be  extremely  susceptible  (hypersusceptible), 
but  from  the  infection  through  the  wound  made  by  the  needle. 
This  loss  all  told,  when  the  work  is  properly  done,  should  not 
be  more  than  from  one  to  two  per  cent  of  the  animals  vacci- 
nated in  healthy  herds,  and  frequently  there  are  no  losses  what- 
ever. 

Care  op  Hogs  Before  Vaccinating.  All  that  is  necessary 
before  vaccinating  is  to  cut  down  the  rations  two  or  three  days 
before,  feeding  very  little  com.  Keep  the  animals  clean  and  in 
dry  and  comfortable  quarters,  and  if  possible  in  disinfected 
pens.  If  the  weather  is  favorable,  a  dipping  would  be  all  right 
a  few  days  before  vaccinating. 
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Treatment  After  Vaccinating.  From  the  fact  that  there 
is  always  more  or  less  fever  caused  by  vaccinating  and  more  or 
less  dangei^  of  the  animal  becoming  infected  through  the  wound 
made  by  the  needle  of  the  syringe,  the  following  after-treat- 
ment would  suggest  itself:  Spare  diet  for  three  or  four  days, 
especially  of  com,  but  plenty  of  water,  thoroughly  clean  and 
comfortable  pens  with  plenty  of  clean  bedding,  with  abso- 
lutely no  chance  to  get  into  mud  of  any  kind.  The  more  mud 
and  dirt  the  more  danger.  They  should  not  be  dipped  or  op- 
erated upon  for  at  least  two  weeks  after  vaccinating. 


Fig.  VII.  Method  of  drawinflr  blood  from  an  hsrperimmunised  hog.  The 
animal  is  covered  with  a  clean  piece  of  muslin  to  prevent  dirt  from 
falling  into  the  vessel  with  the  blood. 

Vaccinating  Instruments.  Two  hypodermic  syringes  are 
used  in  vaccinating.  One  for  the  serum  which  holds' 20  cc., 
and  one  for  the  virulent  blood  holding  5  cc.  The  two  sizes  are 
used  to  prevent  any  mistakes  being  made.  A  thermometer  is 
used  for  taking  the  temperatures,  as  we  make  it  a  rule  not  to 
use  virulent  blood  if  the  temperature  is  high,  using  only  the 
serum. 

Strong  antiseptics  are  also  used  to  disinfect  the  point  of  in- 
jection, especially  where  the  virulent  blood  is  injected.  If  this 
is  not  done  the  small  particles  of  a  drop  or  so  on  the  end  of  the 
needle  may  infect  the  whole  premises.    This  is  very  important. 
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Fig.  VIII.    An  easy  way  of  vaccinating  a  lisht  ahote. 

Holding  the  Hogs  While  Vaccinating.  The  pig  up  to 
the  lOO-pound  shote  is  easiest  handled  by  an  attendant  hold- 
ing it  up  by  the  hind  legs,  belly  forward  and  head  held  be- 
tween the  attendant's  legs,  as  shown  in  the  illustration,  figure 
VIII.  Very  heavy  hogs  may  be  caught  by  placing  a  rope 
around  the  front  leg  or  snout  and  held  around  a  tree  or  post, 
or  may  be  run  into  a  chute  or  crate  and  vaccinated  as  in  fig- 
ure X. 

Forms  op  the  Disease.  Hog  cholera  is  very  contagious, 
but  affects  swine  only,  and  shows  itself  in  one  of  two  forms, 
either  acute  or  chronic.  It  is  caused  by  a  germ  in  the  blood 
and  tissues  of  the  hog,  and  up  to  the  present  time  has  been 
grown  nowhere  else.  In  favorable  locations  it  seems  to  live 
for  many  months.  The  acute  form  usually  kills  in  from  six  to 
sixteen  days.  The  chronic  form  is  more  mild  and  runs  a 
slower  course,  the  hog  continuing  sick  for  a  month  or  more 
before  death  or  recovery  takes  place. 
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Conditions  Favoring  the  Disease.  Overcrowding  during 
cold  weather  in  the  sleeping  quarters,  especially  where  dif- 
ferent sized  animals  are  kept  in  the  same  pen.  The  smaller 
pigs  become  too  hot,  and  then  very  easily  catch  cold.  Damp, 
filthy,  dark  pens  where  little  fresh  air  or  sunshine  can  reach. 
Sleeping  in  a  draft  under  buildings  or  windows ;  a  pig  requires 
twice  the  breathing  space  for  every  hundred  pounds  of  his 
weight  that  is  needed  by  either  the  horse  or  cow.  Too  much 
green  com.    Too  close  or  inbreeding. 

The  accumulation  of  vermin  on  the  animal  itself  or  in  the 
pens.  Too  exclusive  a  com  diet.  The  hog  being  frequently  a 
scavenger,  following  the  cattle  in  all  kinds  of  mud,  filth  and 
dust,  is  liable  to  breathe  the  germs  or  irritating  dust  and  the 
lungs  become  infected  with  tuberculosis  or  other  debilitating 
disease  germs.  In  fact  anything  that  has  a  tendency  to 
weaken  the  system  of  the  animal  renders  him  a  more  fit  sub- 
ject for  hog  cholera. 


Fia  IX.    Vaccinating  heavy  hoirs. 

Age.  While  the  disease  has  no  respect  for  the  age,  size  or 
breed  of  hogs  when  it  once  starts  in  a  herd,  it  is  usual  for  an 
outbreak  to  begin  with  the  younger  pigs  and  later  to  attack 
the  more  mature  animals.    But  this  is  not  always  true. 

Symptoms.  It  usually  starts  with  a  diarrhoea.  The  pigs 
quit  feeding,  many  have  a  cough  and  are  dumpish  for  several 
days,  lose  all  energy,  gradually  become  weaker  and  die.  The 
older  hogs  act  in  the  same  way,  except  that  they  do  not  usually 
become  so  thin  before  they  die.    Sometimes  a  constipation  pre- 
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cedes  the  diarrhoea  for  a  longer  or  shorter  period.  The  dis- 
charges are  usually  very  offensive.  There  is  frequently  a  dis- 
charge from  the  eyes  which  resembles  pus,  which  may  be 
sticky  enough  to  gum  the  lids  together. 

In  many  outbreaks  one  or  two  hogs  may  not  feel  well  for 
several  days,  and  before  the  owner  is  aware  of  the  fact  the 
whole  herd  may  b^  infected  and  a*greater  or  less  number  die 
every  day.  Some  may  show  symptoms  of  a  severe  illness,  such 
as  fever,  weakness,  less  of  appetite,  diarrhoea,  redness  of  the 
skin  of  the  abdomen  or  flanks  and  in  patches  around  the  snout 
or  ears-  while  others  may  show  but  ^  few  of  these  symptoms 
before  death. 

Conditions  or  Diseases  which  Resemble  Choleba.  Some 
conditions  or  diseases  which  resemble  cholera  are  tuberculosis, 
although  this  disease  is  usually  much  slower  in  its  progress; 
ordinary  digestive  troubles,  due  to  improper  feeding  or  un- 
sanitary surroundings;  anthrax;  pneumonia,  caused  by  dust, 
cold  or  worms.  Garbage  which  contains  much  soap,  lye  or  salt 
will  frequently  cause  death  with  symptoms  resembling  cholera. 
Moldy  bread,  cottonseed  meal,  new  com,  or  too  sudden 
changes  of  feed.  Many  things  which  are  unfit  for  human  food 
are  thrown  into  the  swill  barrel,  to  form  toxins  and  pto- 
mains.  These  may  cause  vomiting,  bloody  diarrhoea,  griping, 
nervous  troubles,  weakness,  staggering  gait,  dullness,  and 
death,  all  of  which  are  laid  to  cholera. 

Season  op  the  Year.  Hog  cholera  is  most  prevalent  in  the 
fall  of  the  year  and  early  winter.  During  the  cold  weather 
the  cases,  as  a  rule,  become  more  chronic,  do  not  die  so  sud- 
denly, and  a  greater  per  cent  of  them  get  well. 

Manner  op  Infection.  This  being  a  contagious  disease,  it 
follows  that  the  germ  of  cholera  must  be  carried  into  a  herd 
before  they  can  contract  the  disease.  It  is  distributed  some- 
what on  the  same  plan  as  are  those  of  typhoid  fever,  scarlet 
fever  or  diphtheria  in  the  human  race.  The  germs  are  present 
in  the  blood  and  tissue  of  the  affected  animals,  and  are  thrown 
off  through  every  avenue  of  the  body,  especially  through  the 
urine  and  feces.  In  this  way  they  infect  the  whole  yard  in 
which  the  hogs  are  kept,  and  also  everything  in  the  yard  and 
pens.  The  smallest  particle  of  dirt — so  small  that  it  cannot 
be  seen,  will  carry  enough  germs  to  infect  several  herds  of 
hogs.    It  is  thus  apparent  that  a  stranger  should  not  be  allowed 
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near  the  pens  of  sick  hogs;  neither  should  the  attendant  be 
allowed  to  leave  the  vicinity  of  the  pens  without  first  thor- 
oughly cleaning  and  disinfecting  his  shoes  or  putting  on  others 
not  infected.  Dogs,  cats,  rats,  crows  and  other  birds — in  fact, 
every  living  thing — should  so  far  as  possible  be  kept  away 
from  the  infected  places. 


Fig.  X.    Heavy  hos  snubbed  up  close  to  a  post  and  held  for  vaecinatins. 

Several  years  ago  the  writer  had  occasion  to  observe  a  num- 
ber of  outbreaks  of  cholera  in  different  parts  of  the  state,  and 
found  that  the  number  of  infected  herds  and  losses  along  a 
stream  of  water  were  in  some  instances  over  fifty  per  cent 
greater  than  were  found  in  herds  two  miles  back  from  the 
stream.  In  several  of  these  places  hogs  were  found  above- 
ground  that  had  been  dead  from  the  cholera  for  four  or  five 
days  and  the  rains  washing  the  germs  down  the  stream  con- 
stantly. 

Public  Stockyards.    It  seems  that  we  must  consider  all 
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public  stockyards  infected  with  cholera.  Persons  walking 
from  these  public  yards  to  the  depot  platforms  naturally  in- 
fect these  places.  It  is  in  this  way  that  a  crated  breeding  hog, 
for  instance,  shipped  by  freight  or  express,  becomes  exposed  to 
the  disease  and  may  infect  the  whole  premises  when  released 
from  the  crate.  It  is  therefore  not  safe  to  take  a  hog  upon  the 
public  highway  even,  especially  if  there  has  been  cholera  any- 
where in  the  vicinity.  In  the  fall  of  the  year,  during  severe 
dust  storms,  the  germs  may  be  blown  a  considerable  distance 
with  infected  straw,  weeds,  etc. 


Fio.  XI.     Method  of  vaccinating  a  bow  heavy  in  pig. 

Period  of  Incubation.  The  time  required  for  a  hog  to  be- 
come sick  with  cholera  after  being  exposed  to  the  disease  va- 
ries usually  from  six  to  fourteen  days,  but  sometimes  runs 
much  longer. 

Prevention  op  the  Disease.  When  we  recall  the  condi- 
tions which  favor  the  disease  and  the  manner  in  which  the  in- 
fection takes  place,  it  will  be  seen  that  the  feeding  and  care  of 
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hogs  have  much  to  do  with  the  prevention  of  the  cholera. 
Clean,  dry  pens,  regular  and  proper  feeding,  comfortable 
sleeping  quarters,  plenty  of  sunshine,  the  pens  cleaned  and 
disinfected  regularly,  the  hogs  themselves  dipped  every  few 
weeks  when  the  weather  is  fit,  all  help  in  keeping  up  their 
vitality,  and  in  this  way  warding  off  troubles  of  all  kinds. 
Many  hog  raisers  feed  at  regular  intervals  some  of  the  follow- 
ing mixture  to  aid  digestion  and  circulation  and  to  prevent 
worms,  especially  where  the  animals  are  confined  to  a  small 
lot: 

Wood  charcoal,  powdered 1  lb. 

Sulphur 1    " 

Sodium  chloride  2   " 

Sodium  bicarbonate 2   " 

Sodium  sulphate 2    " 

Sodium  hyposulphite    1    " 

Antimony  sulphide  (black  antimony) 1    " 

This  is  the  formula  as  published  by  the  Bureau  of  Animal  In- 
dustry some  years  ago.  The  dose  of  this  mixture  is  one  large 
tablespoonf  ul  to  each  200  pounds  of  hog  once  per  day. 

After  shipping  a  hog  it  should  be  dipped  as  soon  as  removed 
from  the  crate  and  kept  away  from  all  others  for  several  weeks, 
and  then  dipped  again  before  being  allowed  to  come  in  contact 
with  the  rest.  If  a  hog  shows  signs  of  sickness  it  should  be 
at  once  removed  and  kept  by  itself  until  well. 

In  September,  1909,  a  breeder  of  high-class  hogs,  living 
several  miles  from  the  college,  noticed  three  head  sick,  one 
almost  dead.  A  post-mortem  was  held  by  members  of  the  Vet- 
erinary Department  of  the  college  and  the  disease  diagnosed 
as  acute  cholera.  The  remaining  hogs  were  thoroughly  dipped 
and  removed  to  new,  clean  quarters  and  everything  disinfected, 
and  no  further  cases  developed.  Prompt,  vigorous  methods  in 
this  case  saved  the  herd. 

Disinfection.  All  straw,  cobs  and  litter  should  be  removed 
and,  if  cholera  is  present,  burned,  and  a  strong  solution  of 
some  good  coal-tar  dip  or  crude  carbolic  acid,  about  one  part  of 
the  dip  to  twenty  of  water,  used  on  all  woodwork  and  floor  of 
the  pens ;  slaked  lime  scattered  over  the  ground  and  floors  of 
the  pens  every  few  days  will  help  to  keep  them  clean. 

Post-mortems.  Care  should  be  taken  to  prevent  blood  poi- 
soning of  the  operator  as  a  result  of  the  post-m^yrtem  of  any 
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animal.  If  a  person  has  any  sore  on  his  hand  he  should  not 
touch  a  dead  animal,  or  if  he  should  receive  a  cut  or  scratch 
during  the  examination  the  hand  should  be  placed  in  pure 
kerosene  at  once,  the  sore  well  filled  and  the  bandage  saturated 
with  it. 


PlO.  Xn.  BIcedinff  a  pisr  about  to  die  with  the  cholera.  The  deftbrinated 
blood  will  be  used  either  for  hyperimmunisinff  or  for  vaeeinatins 
healthy  boss. 

When  a  hog  has  died  quickly  within  a  few  days  after  taking 
the  disease,  the  kidne}^  frequently  show  dark  spots  on  their 
surface,  as  shown  in  the  illustration  (fig.  VI) .  These  resemble 
the  spots  on  a  turkey  egg.    Parts  of  the  lungs  may  be  found 
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solid  and  dark,  resembling  liver,  or  may  show  dark  spots  on 
their  surface  like  those  on  the  kidneys.  The  spleen  is  usually 
larger  than  normal.  The  lymphatic  glands,  especially  those 
along  the  intestines,  are  usually  enlarged  and  red.  The  in- 
testine may  contain  blood  o^:  bloody  feces. 

In  chronic  cases,  in  which  the  hog  lingers  for  a  longer  period 
before  death,  some  of  the  above  conditions  show  prominently 
while  others  do  not  show  so  well.  In  these  cases  ulcers  are 
found  on  the  inner  lining  of  the  large  intestine,  which  may  be 
an  inch  in  diameter,  or  there  may  be  many  smaller  ones,  but 
as  a  rule,  these  do  not  show  so  well  in  the  more  acute  forms  of 
the  disease.  It  seldom  happens  that  all  these  conditions  are 
found  in  the  same  animal,  but  any  two  of  them  are  usually 
enough  to  warrant  the  diagnosis  of  hog  cholera,  and  when  the 
ulcers  in  the  intestines  are  found  they  are  positive  evidenc* 
that  it  is  cholera. 
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Forestry  has  been  one  of  the  important  lines  of  investigation  since 
the  early  days  of  the  Agricultural  College,  and  some  of  the  first  experi- 
ments authorized  by  the  Experiment  Station  were  investigations  of  the 
growth  of  forest  trees.  These  lines  of  work  have  been  continued,  and  the 
work  along  forestry  lines  now  includes: 

1.  Observations  concerning  the  adaptation  of  species  to  Kansas  condi- 
tions, plantings  made  at  various  dates  from  1874  up  to  the  present  time 
being  under  observation. 

2.  Measurements  of  the  rate  of  growth  of  various  species. 

3.  Methods  of  propagation. 

4.  Influeice  of  transplanting  compared  with  trees  grown  from  seed 
and  not  transplanted. 

5.  Investigation  of  the  distribution  and  value  of  native  species. 

6.  A  study  of  the  causes  of  success  and  failure  of  artificial  forests. 

7.  The  value  of  various  species  for  windbreaks,  for  commercial  plan- 
tations, and  as  ornamental  trees. 

Since  May,  1909,  the  Forestry  Stations  at  Ogallah  and  Dodge  City  have 
been  under  the  care  of  the  Department,  and  a  special  study  of  the  forest 
conditions  of  the  state  has  been  commenced.  A  part  of  the  state  forestry 
work  is  the  investigation  of  the  fitness  of  soils  and  locations  for  forest 
trees.  The  preparation  of  plans  for  plantings  and  for  the  management  of 
wood  lots  is  being  undertaken. 
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THE  NEW  FORESTRY  LAW. 


The  recognized  need  of  a  vigorous  forestry  policy  and  an 
aggressive  campaign  for  tree  planting  on  every  farm  in  Kan- 
sas prompted  the  legislature  of  1909  to  pass  the  following 
forestry  bill,  which  was  signed  by  Governor  Stubbs  on  March 
8  and  became  effective  on  March  15, 1909 : 

SENATE  BILL  No.  231. 

An  Act  to  establish  at  the  Kansas  State  Agricultural  College  a  division 
of  forestry  under  the  direction  of  the  board  of  regents  of  that  institu- 
tion, and  appropriating  funds  for  the  support  of  same,  and  repealing 
chapter  405  of  the  Session  Laws  of  1907. 

Be  it  enacted  by  the  Legislature  of  the  State  of  Kansas: 

Section  1.  For  the  promotion  of  forestry  in  Kansas  there  shall  be 
established  at  the  Kansas  State  Agricultural  College,  under  the  direction 
of  the  board  of  regents,  a  division  of  forestry.  The  board  of  regents  of 
the  Kansas  State  Agricultural  College  shall  appoint  a  state  forester  who 
shall  have  general  supervision  of  all  experimental  and  demonstration 
work  in  forestry  conducted  by  the  Experiment  Station.  He  shall  pro- 
mote practical  forestry  in  every  possible  way,  compile  and  disseminate 
information  relative  to  forestry,  and  publish  the  results  of  such  work 
through  bulletins,  press  notices,  and  in  such  other  ways  as  may  be  most 
practicable  to  reach  the  public,  and  by  lecturing  before  farmers'  insti- 
tutes, associations  and  other  organizations  interested  in  forestry. 

Sec.  2.  The  state  forester  shall  employ,  under  the  direction  of  the 
board  of  r^^nts  of  the  Kansas  State  Agricultural  College,  such  assist- 
ants, who  shall  be  practical  foresters,  laborers  and  clerks,  and  shall  pur- 
chase necessary  office  furniture  and  equipment  as  may  be  needed  to  carry 
into  effect  the  purposes  of  this  act. 

Sec.  3.  The  state  forester  shall,  upon  request,  cooperate  with  towns, 
counties,  corporations  and  individuals  in  preparing  planting  plans  and 
plans  for  the  protection,  management  and  replacement  of  trees,  wood 
lots  and  timber  tracts  under  an  agreement  that  the  persons  obtaining 
such  assistance  shall  pay  the  field  expenses  of  such  work. 

Sec.  4.  The  board  of  regents  of  the  State  Agricultural  College  may 
also  conduct  on  the  Dodge  City  and  Ogallah  Stations  other  demonstra- 
tions and  experiments  of  local  interest,  such  as  seed  breeding  and  tillage 
experiments,  whenever  such  demonstrations  may  not  interfere  with  the 
work  in  forestry. 

Sec.  5.  For  carrying  the  provisions  of  this  act  into  effect  there  shall 
be  appropriated  from  moneys  in  the.  state  treasury,  not  otherwise  appro- 
priated, the  sum  of  one  thousand  dollars  for  the  Hscal  year  ending  June 
30,  1909;  two  thousand  dollars  for  the  fiscal  year  endir^  June  30,  1910, 

(295) 
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and  two  thousand  dollars  for  the  fiscal  year  ending  June  30,  1911.  All 
vouchers  for  salaries  and  other  expenses  shall  be  paid  in  the  same  man- 
ner as  expenses  of  the  Kansas  State  Agricultural  College. 

Sec.  6.  The  Forestry  Stations  at  Ogallah  and  Dodge  City  shall  re- 
main the  property  of  the  state  for  the  purpose  of  conducting  experimental 
and  demonstration  work  in  forestry  under  the  direction  of  the  board  of 
regents  of  the  State  Agricultural  College,  who  shall  have  all  power  in 
relation  thereto  now  exercised  by  the  Executive  Council.  And  for  the 
purpose  of  maintaining  said  Stations  and  for  the  purchase  of  trees,  plants, 
seeds  and  cuttings,  and  for  the  payment  of  other  incidental  expenses, 
there  is  hereby  appropriated  the  following  sum,  or  as  much  as  may  be 
necessary,  to  wit: 

For  the  Station  at  Ogallah, 

For  the  fiscal  years  ending  June  30,  1910,  and  June  30,  1911 : 

1910       1911 

Maintaiance  and  repairs $500       $600 

For  the  purchase  of  trees,  seeds  and  cuttings 300         300 

For  labor 1,200      1,200 

For  postage,  freight  and  incidentals 200         200 

$2,200    $2,200 

For  the  Station  at  Dodge  City. 

For  the  fiscal  years  ^ding  June  30,  1909,  June  30,  1910,  and  June  30, 

J911: 

1910       1911 

Maintaiance  and  repairs $600  $600 

For  the  purchase  of  trees,  seeds  and  cuttings 300  300 

For  labor 1,200  1,200 

For  postage,  freight  and  incidentals 200  200 

$2,200    $2,200 

For  the  Dodge  City  Station  $500,  or  as  much  thereof  as  may  be  neces- 
sary, for  the  purchase  of  a  team,  said  sum  to  be  available  at  once. 

Sec.  7.  Chapter  405,  Session  Laws  of  1907,  and  all  acts  and  parts  of 
acts  conflicting  with  this  are  hereby  repealed. 

Sec.  8.  This  act  shall  take  effect  and  be  in  force  from  and  after  its 
publication  in  the  official  state  paper. 

I  hereby  certify  that  the  above  bill  originated  in  the  Senate,  and  passed 
that  body  February  27,  1909. 

W.  J.  Fitzgerald, 

President  of  the  Senate. 

Z.  E.  Wyant, 

Secretary  of  the  Senate. 

Passed  the  House  March  8,  1909. 

J.  N.  DOLLEY, 

Speaker  of  the  House. 

C.  H.  Brilhart, 

Aast  Chief  Clerk  of  the  House. 
Approved  March  12,  1909. — ^W.  R.  Stubbs,  Governor. 
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Statb  of  Kansas, 
Office  of  the  Sbgbbtary  of  State. 
I,  G.  E.  Denton,  secretary  of  state  of  the  state  of  Kansas,  do  hereby 
certify  that  the  above  and  f oreg:oing  is  a  correct  copy  of  the  original  en- 
rolled bill  now  on  file  in  my  office. 

In  Testimony  Whereof,  I  have  hereunto  subscribed  my  name  and 
affixed  my  official  seal,  this  18th  day  of  March,  1909. 

[SEAL.]  C.  E.  Denton, 

Seeretanr  of  State. 

At  the  first  meeting  of  the  board  of  regents  after  the  pas- 
sage of  the  bill,  as  a  preliminary  measure  to  get  the  new  work 
under  immediate  headway,  Albert  Dickens,  professor  of  hor- 
ticulture and  forestry  at  the  Kansas  State  Agricultural  Col- 
lege, was  appointed  state  forester.  A  reorganization  of  the 
work  at  the  Dodge  City  and  Ogallah  Stations  was  at  once  un- 
dertaken in  conformity  with  the  provisions  of  the  law.  Mr. 
Christian  Jensen,  a  man  of  experience  and  training  in  forest 
nursery  and  tree-planting  work,  was  selected  as  assistant  for- 
ester and  placed  in  charge  of  the  Dodge  City  Station.  Mr. 
Jensen  had  received  his  training  in  forestry  at  the  Biltmore 
estate,  Asheville,  N.  C,  under  Doctor  Schenck,  and  had  sev- 
eral years'  experience  in  nursery  work  in  Iowa  and  Kansas. 
Mr.  Turner,  a  practical  farmer  and  a  man  of  considerable  ex- 
perience in  nursery  work,  was  employed  as  foreman  of  the 
Ogallah  Station.  The  efficient  work  that  these  men  accom- 
plished is  described  in  the  following  pages  of  the  bulletin. 

The  appointment  of  Professor  Dickens  as  state  forester  was 
recognized  by  him  as  a  temporary  arrangement  until  such 
time  as  he  could  recommend  the  appointment  of  a  permanent 
state  forester  who  could  devote  his  entire  time  to  the  work. 
The  Forestry  Service  of  the  United  States  Department  of 
Agriculture  was  asked  to  recommend  a  man  who  had  the 
ability  and  training  to  undertake  the  duties  of  state  forester 
as  prescribed  by  the  law.  Very  happily  the  regents  were  able 
to  secure  the  man  recommended  by  the  Forestry  Service.  Pro- 
fessor Dickens  recommended  that  the  forestry  work  be  put  on 
an  independent  basis,  and  the  plans  as  outlined  by  him  were 
submitted  to  the  Forestry  Service.  Their  recommendation  was 
made  in  the  following  words : 

"We  heartily  approve  of  your  suggestion  of  putting  for- 
estry on  an  independent  basis  at  the  College  and  of  the  plans 
you  have  outlined  for  handling  the  subject.  It  gives  us  great 
pleasure  to  be  able  to  recommend  to  you  a  man  whom  we  are 
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very  glad  unqualifiedly  to  indorse.  He  is  Charles  A.  Scott, 
professor  of  forestry  at  the  Iowa  State  College,  Ames,  Iowa. 
Professor  Scott  is  a  native  Kansan,  and  a  graduate  from  the 
agricultural  course  at  Manhattan  in  1901.  Immediately  after 
graduation  he  entered  the  forest-service  work  and,  with  the 
exception  of  one  year  spent  at  the  Yale  Forest  School,  he  was 
in  the  service  continuously  until  the  fall  of  1907.  During 
this  time  he  was  engaged  principally  in  tree-planting  work  in 
Nebraska,  South  Dakota  and  Kansas,  although  he  also  had 
some  experience  in  other  regions.  From  1903  to  1907  he  was 
in  charge  of  the  Nebraska  and  Kansas  national  forests,  a  place 
of  considerable  responsibility.  In  the  fall  of  1907  he  was 
elected  to  his  present  position  at  Ames,  where  he  has  done  ex- 
cellent work,  both  in  teaching  forestry  and  in  studying  forest 
conditions  in  Iowa.  Professor  Scott  meets  people  well;  is  used 
to  public  speaking  and  farmers'  institute  work;  has  executive 
ability,  and  is  in  every  way  a  strong,  clean,  capable  man." 

At  the  January,  1910,  meeting  of  the  board  of  regents  Pro- 
fessor Scott  was  elected  state  forester,  and  he  has  accepted 
and  will  enter  upon  his  duties  as  soon  as  he  can  complete  his 
work  at  the  Iowa  Agricultural  College,  not  later  than  June  1, 
1910. 

The  work  at  the  Stations  at  Dodge  City  and  Ogallah  will  be 
supplemented  by  extensive  work  to  be  conducted  at  the  Fort 
Hays  Branch  Station. 

The  office  of  the  state  forester  will  be  at  Manhattan,  Kan. 
Every  farmer,  town,  county,  school  board  or  corporation  in- 
terested in  tree  planting  should  address  the  state  forester  for 
information. 

The  following  report  submitted  by  Professor  Dickens  gives 
the  results  of  his  work  at  the  Ogallah  and  Dodge  City  Sta- 
tions under  the  new  law,  and  sums  up  his  experience  of  twenty 
or  more  years  of  careful  observation  and  study  of  the  forest 
conditions  in  central  and  western  Kansas,  and  his  conclusions 
on  these  matters  may  be  accepted  as  entirely  trustworthy. 

H.  J.  Waters,  Presiderit. 
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Report  of  the  State  Forester. 

By  Albert  Dickens, 
Professor  of  Horticulture  and  Forestry,  and  State  Forester. 

The  forestry  work  that  has  been  done  in  central  and  western 
Kansas  in  the  past  quarter  century  has  resulted  in  a  large  num- 
ber of  good  tree  plantations,  many  poor  ones,  some  total  fail- 
ures and  as  might  be  expected  a  great  variety  of  opinions  con- 
cerning the  possibility  of  growing  forest  trees  in  the  various 
soils  and  situations  found  in  the  state.  Theories,  opinions  and 
notions  are  easily  manufactured.  Frequently  more  ardor  is 
exhibited  in  defending  a  notion  than  in  securing  facts,  but  the 
lessons  that  are  valuable  for  the  present  and  future  settlers  on 
the  plains  of  Kansas  must  be  drawn  from  facts. 

Explanations  concerning  the  treelessness  of  Kansas  prairies 
have  been  plentiful,  varying  from  the  effects  of  wind  and  sun 
to  the  presence  in  the  soil  of  substances  and  organisms  which 
are  fatal  to  tree  growth,  but  any  explanation  that  in  any  degree 
explains  must  give  large  measure  of  importance  to  the  effects 
of  fire. 

Early  settlers  remember  the  story  of  an  old  Indian  who  was 
the  last  of  his  tribe  to  leave  the  head-waters  of  the  creeks  now 
known  as  the  Kiowas,  how  they  attempted  to  discourage  winter 
visits  of  northern  tribes  by  burning  the  prairies  north  of  the 
Arkansas.  The  deer  and  buffalo  would  desert  the  burned 
tracts  and  the  roving  Indian  would  find  no  pasture  for  his  war 
horse  or  pack  pony.  Other  years  his  northern  neighbors 
reached  the  river  with  a  friendly  north  wind  and  then  the  fire 
raged  to  the  creeks  of  the  Cimarron  watershed.  And  all  the 
time  the  fire  was  the  factor  that  kept  the  timber  growth  from 
encroaching  upon  the  domain  of  the  prairie.  In  central  and 
western  Kansas,  the  natural  timber  is  restricted  to  very  nar- 
row belts  along  the  streams. 

Wherever  the  banks  were  sufficiently  broken  to  check  the 
fires,  timber  grew.  Numerous  examples  of  this  might  be 
given,  taken  from  many  localities.  A  striking  example  is  fur- 
nished by  Cedar  Bluffs,  in  southern  Trego  county.  The  Smoky 
Hill  river  runs  along  the  foot  of  the  bluffs,  cutting  very  close 
to  the  rocky  ledge  at  each  point  of  a  crescent,  the  points  being 
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Platb  1.    Red  cedar  can  stand  any  hardship  except  fire. 

something  over  a  half  mile  apart.  The  limestone  bluffs  rise 
almost  perpendicularly  to.  heights  of  from  fifty  to  one  hundred 
feet,  furnishing  in  combination  with  the  river  a  very  efficient 
protection  from  fire.  In  this  protected  spot,  high  above  the 
stream,  the  red  cedar  has  for  ages  declared  its  ability  to  with- 
stand any  hardship  except  fire. 

In  Hodgeman  county,  Buckner  creek  furnishes  another  ex- 
ample. The  creek  has  cut  through  the  deep  soil,  leaving  occa- 
sional high  banks,  and  in  the  creek  bed  good  growths  of  hack- 
berry,  elm,  willow  and  Cottonwood  are  common. 


Platb  2.     Timber  on  Buckner  creek,  Hod^reman  eoanty. 
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The  Arkansas  and  Cimarron  rivers  and  their  Kansas  tribu- 
taries flow  for  the  greater  part  of  their  lengths  through  allu- 
vial soils.  There  are  few  rocky  ledges  and  few  high  banks,  and 
for  the  most  part  the  prairie  grass  grows  up  to  the  very  edge  of 
the  low  bank.  Wherever  banks  or  broken  surface  afford  pro- 
tection, trees  were  found. 

The  need  of  the  early  settler  for  fuel  was  imperative.  The 
wood  contract  was  necessary  for  the  existence  of  the  frontier 
army  post,  and  the  few  trees  that  might  have  produced  seed 
for  extending  the  forest  area  of  Kansas  were  cut  to  provide  for 
the  soldier  and  settler.  The  vicinity  of  every  army  post  has 
the  same  story.  Mulberry  creek  and  Crooked  creek  provided 
for  Fort  Dodge;  the  Pawnee  and  Walnut  creeks  for  Fort 
Lamed. 


Platb  8.     Black  walnut  on  Crooked  creek,  Meade  county. 

At  Fort  Hays,  the  limits  of  the  old  reservation  may  be  easily 
noted  by  the  trees  which  were  preserved  by  the  government. 
The  wood  contracts  were  filled  from  the  land  outside  the  reser- 
vation, and  nearly  every  tree  large  enough  to  make  fuel  was 
sacrificed  to  provide  for  the  advance  guard  of  civilization. 

A  distance  of  forty-five  miles  seemed  to  mark  the  limit  of 
profitable  wood  contracts,  and  on  Crooked  creek,  about  that 
distance  southwest  of  Fort  Dodge,  some  few  of  the  big  trees, 
mostly  hackberry  and  black  walnut,  are  still  standing.  The 
few  that  escaped  the  ax  of  the  pioneer  are  those  whose  form 
made  them  hard  to  work  for  fuel  and  difficult  to  split  into  posts. 
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One  of  the  largest  of  the  black  walnut  trees  measures  four  feet 
in  diameter  at  five  feet  from  the  ground,  and  is  fifty  feet  high. 
Like  most  large  trees  in  western  Kansas,  it  exhibits  the  t3^pe 
which  is  best  fitted  to  survive  under  such  conditions,  short 
trunk  with  a  widespreading  top  which  protects  the  stem  and 
the  soil  about  it  from  the  burning  sun  of  summer.  In  one  lo- 
cality where  the  land  adjoining  Crooked  creek  has  been  pro- 
tected from  fire  for  a  quarter  century  the  timber  is  making 
considerable  headway  in  its  contest  with  the  prairie. 

Since  the  prairie  fires  have  been  restricted  and  the  fuel  need 
of  the  settler  supplied  by  the  coal  miner  and  freight  car,  the 
area  of  natural  timber  has  increased  at  a  most  gratifying  rate. 
Thirty  years  ago  the  Arkansas,  west  of  Hutchinson,  and  its 
tributaries  from  the  south,  were  practically  devoid  of  trees. 
To-day  there  are  many  acres  that  are  under  forest  conditions 
and  the  forest  area  is  increasing.  Most  of  this  growth  is  Cot- 
tonwood and  willow,  species  that  produce  large  quantities  of 
seed  that  is  blown  long  distances  and  germinates  very  soon 
after  ripening.  Species  that  produce  heavier  seeds  are  not  so 
readily  distributed,  and  the  time  required  for  their  distribu- 
tion over  a  given  area  is  very  much  greater.  With  Nature's 
slow  methods  centuries  of  the  most  favorable  conditions  would 
probably  be  required  to  extend  the  area  of  heavy-seeded  species, 
but  as  the  forest  area  increases  the  forest  inhabitants — ^birds, 
squirrels  and  other  animals — increase  in  numbers,  and  these 
agents  of  distribution  help,  very  slowly  but  surely,  in  the  intro- 
duction of  other  species.  The  increase  of  forest  area  in  the 
past  has  been  confined  for  the  most  part  to  the  alluvial  soils  of 
the  valleys;  soils  easily  changed  from  prairie  to  forest  because 
the  soil  is  easily  penetrated  by  roots  and  well  adapted  to  nearly 
any  forms  of  plant  life. 

Nature  extends  the  forest  back  from  the  streams  along  ra- 
vines and  broken  surfaces,  and  works  from  these  back  into  the 
upland  prairie.  The  struggle  for  existence  between  prairie 
and  forest  is  a  bitter  one.  The  species  is  indeed  fit  to  survive 
that  can  compete  for  existence  with  the  drought-enduring  buf- 
falo grass.  But  in  the  few  localities  where  the  buffalo  grass 
has  been  deprived  of  its  allies,  fire  and  cattle,  the  forest  is 
making  progress.  A  few  years'  growth  of  buffalo  grass  accu- 
mulates, the  rainfall  is  held  for  a  longer  time  by  the  mulch  on 
the  €oil,  the  buffalo  grass  itself  grows  stronger  and  roots 
deeper,  but  its  prosperity  augurs  defeat,  for  the  bunch  grass 
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Platb  4.    Following  the  baneh  ffraas  the  trees  proclaim  their  title  to  the  soil. 

encroaches,  then  takes  possession,  and  is  succeeded  by  blue 
stem,  the  roots  ever  growing  deeper  and  the  soil  mulch  heavier. 
Very  little  rainfall  now  escapes.  The  buffalo  grass  lying  close 
to  the  ground,  packed  by  hoofs  and  baked  by  sun,  held  little 
water;  but  now  the  drought  cannot  wilt  the  blue  stem  with  its 
roots  five  feet  deep,  making  a  way  for  the  soil  water.  Then  the 
shade  from  the  trees,  which  have  all  the  time  been  gaining  in 
size,  favors  the  horseweed,  the  buckbush  and  sumac  appear,  and 
these  make  a  nurse  crop  for  the  tree  seed ;  and  up  the  slope, 
following  the  bunch-grass  scouts  and  the  skirmish  line  of  su- 
mac, the  forest  trees  proclaim  their  title  to  the  soil.  The  sermon 
they  preach  over  and  over  is  that  even  the  dryest,  hardest 
soils  may  grow  trees  if  only  the  soil  be  prepared  for  their  needs. 
The  difference  in  the  adaptability  of  soils  for  trees  was  not 
easily  appreciated  by  the  early  settlers,  and  the  fact  that  on  the 
uplands  many  failures  resulted  from  even  well  planned  efforts, 
has  been  discouraging.  Later  investigations  concerning  soil 
conditions  have  added  to  the  knowledge  of  these  soils  facts 
which  make  it  surprising  that  so  many  successes  resulted  from 
plantings  made  in  soils  so  poorly  adapted  to  their  growth,  and 
also  the  encouraging  fact  that  most  of  the  Kansas  prairie  soils 
improve  rapidly  with  proper  cultivation. 

Professor  TenEyck,  of  the  Kansas  State  Agricultural  Col- 
lege, in  securing  soil  samples  from  high  prairie  where  the  buf- 
falo grass  was  the  only  growth  found  it  impossible  to  drive  the 
soil  tube  or  even  a  soil  augur  deeper  than  two  feet  into  the  soil. 
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Yet  such  soils  after  a  few  years  of  cultivation  and  good  farm- 
ing show  a  measurable  quantity  of  soil  water  to  a  depth  of 
four  or  five  feet. 

The  soil  loosened  by  plowing  and  cultivation  holds  the  mois- 
ture, which  penetrates  a  little  deeper;  the  roots  of  plants  follow 
and  open  the  way  for  more  water  to  moisten  to  a  greater  depth. 
The  length  of  time  required  to  insure  any  given  depth  of  soil 
moisture  varies,  of  course,  with  the  season  and  the  character 
and  composition  of  the  soil,  but  in  every  soil  good  farming  is 
the  great  factor  in  soil  improvement. 

It  is  now  hard  to  realize  that  men  seemed  to  expect  the 
same  results  on  the  high  buffalo  grass  lands  as  on  the  valley 
soils.  But  the  optimism  of  the  settler  was  too  often  pure  en- 
thusiasm with  not  even  a  trace  of  cool  judgment.  Many  times 
a  small  hole  was  dug  in  the  buffalo  grass  sod,  a  tree  crowded 
into  it,  and  when  it  failed  to  survive  such  a  severe  change  of 
conditions  the  optimist  turned  pessimist  and  was  sure  that 
Nature  had  placed  the  ban  upon  tree  life  and  that  it  was  "fly- 
ing in  the  face  of  Providence"  and  "combating  Nature's  irrev- 
ocable laws"  to  attempt  to  grow  trees  under  such  conditions. 
Often  the  tree  was  killed  by  supposed  kindness.  Water  was 
poured  into  the  small  area  of  loosen^  soil,  poured  in  frequently 
and  abundantly  and  at  great  cost  of  time  and  labor,  and  the 
soil  held  the  water,  the  tree  stood  in  mud,  with  none  of  the  life- 
giving  oxygen  in  the  soil  about  its  roots,  and  it  drowned. 

A  long  drive  in  any  of  the  western  counties  is  certain  to  af- 
ford an  opportunity  to  note  how  hard  a  struggle  some  trees 
can  endure.  Occasionally  the  long  line  of  the  prairie  is  broken 
by  the  survivors  of  a  hedge  row  or  line  of  road  trees  set  in  the 
days  of  the  "first  invasion"  of  the  cattle  country,  in  the  later 
eighties.  Set  in  a  narrow  strip  of  breaking  that  marked  the 
line  of  the  "claim,"  neglected  for  years,  they  have  been  pro- 


Plate  6.     The  story  of  hard  times  that  are  gone. 
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tected  only  by  the  deeply  worn  ruts  of  a  trail  which  forms  a 
poor  substitute  for  a  fire  guard.  In  hot  dry  summers  they 
were  browsed  by  cattle,  hungry  for  something  besides  the  brown 
buffalo  grass,  and  in  winter  were  gnawed  by  horses  high  as 
the  starving  creatures  could  reach.  Their  poor  misshapen 
trunks  and  bush-like  tops  tell  the  story  of  hard  times  that  are 
gone.  They  are  sad  reminders  of  the  day  when  optimism  ran 
riot  and  theories  of  agriculture  expounded  by  novices  fresh 
from  the  office  and  shop  were  rife  in  the  land. 


Plats  6.    The  story  of  trees  planted  by  the  man  who  tried. 

On  the  opposite  page  of  the  prairie,  a  page  made  of  the  same 
material  and  exposed  to  the  same  sun  and  wind  and  storm,  is 
written  large  the  story  of  the  trees  planted  by  the  man  who 
tried.  The  man  who  used  thought  rather  than  theory,  and  who 
in  the  hard  years  gave  the  soil  opportunity  to  secure  every 
ounce  of  moisture  that  fell,  and  then  worked  to  help  the  soil 
Bold  it. 

There  are  enough  successful  plantations  throughout  the  West, 
to  furnish  lessons  for  future  planters. 

A  study  of  the  successes  and  failures  resulting  from  the 
plantings  made  in  western  Kansas  forces  the  conclusion  that 
the  factors  which  determine  success  or  failure  are,  soil  prepara- 
tion, selection  of  species  and  condition  of  tree  when  set.  The 
^seasonal  variation,  particularly  as  regards  rainfall,  constitutes 
a  factor  of  uncertainty,  but  with  the  three  controllable  factors 
all  favorable  there  have  been  very  few  seasons  when  tree  plan- 
tations have  not  attained  a  very  fair  measure  of  success. 

In  1887  the  legislature  established  two  Stations  for  work  in 
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forestry,  one  about  one  and  one-half  miles  west  of  Ogallah,  in 
Trego  county,  and  the  other  nearly  three  miles  east  of  Dodge 
City,  in  Ford  county.  Both  of  these  Stations  are  located  on 
high  prairie  land  that  is  representative  of  the  greater  part  of 
the  western  third  of  Kansas. 

The  work  of  these  Stations  for  the  most  part  has  been  that 
of  growing  and  distributing  forest-tree  seedlings  to  citizens  of 
the  state. 

It  is  quite  evident  that  the  plantations  at  these  Stations  have 
not  always  received  the  best  of  care,  for  in  some  tracts  the 
grass  has  encroached  upon  the  plantations  and  only  the  hardi- 
est species  have  had  sufficient  vitality  to  survive  the  struggle. 
Cultivation  ceased  before  the  trees  were  of  sufficient  size  to 
shade  the  ground  and  prevent  the  wind  from  blowing  the  leaves 
from  the  site  of  the  plantation. 

In  one  or  two  cases  fire  has  evidently  burned  over  part  of 
the  plantation,  destroying  many  trees  and  all  the  soil  cover. 
Considering  the  hardships  endured  by  these  plantations  they 
offer  great  encouragement  to  the  citizen  who  wishes  to  make 
his  home  in  western  Kansas  a  place  where  life  may  mean  more 
than  the  mere  making  of  money. 

The  visitor  at  these  Stations  usually  notes  with  some  sur- 
prise the  vigor  of  the  evergreens.  These  were  planted  so  far 
apart  that  they  have  not  served  to  protect  each  other  and  so 
secure  the  most  desirable  form. 

RED  CEDAR. 

The  red  cedar  at  Ogallah  was  brought  from  Cedar  Bluffs, 
about  twenty  miles  southwest  of  the  Station.    In  their  earlier 


Plate  7.    Osallah  Forestry  Station. 
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sears  they  evidently  became  the  victims  of  someone  with  a  mis- 
taken idea  of  beauty  in  tree  form,  and  were  shortened  in  to 
become  globes  or  cones.  They  have  in  some  degree  outgrown 
the  mutilation,  but  it  is  not  possible  to  compare  their  rate  of 
growth  with  the  pines.  They  are,  however,  thrifty  and  vigor- 
ous even  though  the  buffalo  grass  for  several  years  disputed 
their  right  to  the  ground  they  covered.  The  cedars  at  Dodge 
City  have  been  more  fortunate  than  the  ones  at  Ogallah,  in  that 
they  have  never  been  mutilated.  They  compare  well  with  other 
species  in  rate  of  growth  and  offer  an  object  lesson  in  the 
value  of  this  species  for  western  Kansas  planting. 


Platb  8.    Dodff*  City  Forestry  Station. 

The  red  cedar  is  the  only  evergreen  tree  native  to  Kansas, 
but  it  is,  or  has  been,  widely  distributed  over  the  state.  All 
along  the  valleys  of  the  Kaw  and  its  tributaries  even  yet  an 
occasional  group  of  this  species  may  be  found.  The  word 
"cedar'*  is  part  of  the  name  of  a  number  of  places  in  the  state : 
Cedar  Bluffs,  in  Decatur  county;  Cedar  Vale,  in  Chautauqua 
county;  Cedar  Point,  in  Chase  county,  are  evidence  of  its  wide 
distribution.  On  the  older  maps  of  the  state  the  short  range 
of  limestone  bluffs  in  Trego  county  bear  the  name  "Cedar 
Bluffs,"  and  in  early  days  many  a  canyon  in  Barber  and  Co- 
manche counties  bore  local  names  denoting  the  fact  that  cedar 
posts  were  a  resource  after  the  buffalo  bones  had  all  been  col- 
lected and  hauled  to  the  shipping  points  on  the  various  rail- 
roads. Every  citizen  in  central  and  western  Kansas  whose 
memory  reaches  back  thirty  years  or  more  well  remembers  the 
trade  in  cedar  posts,  which  kept  the  wolf  from  the  door  of 
many  a  sod  shanty,  but  was  disastrous  to  the  forest  area  of 
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southern  Kansas  and  northern  Oklahoma.  Many  youngr  trees 
from  these  cedar  tracts  were  carried  by  the  cedar  "rustlers" 
to  the  homesteads  in  distant  counties  and  frequently  were  sold 
in  the  towns;  when  sufficient  care  was  taken  in  paddngr  and 
planting  them,  they  have  in  a  measure  atoned  for  the  depre- 
dations that  left  only  stumps  in  canyons  that  formerly  grew 
fine  trees.  Many  were  hauled  a  hundred  or  more  miles,  piled 
high  upon  a  load  of  posts  and  exposed  to  wind  and  sun,  and 
when  set  could  produce  only  loss  and  discouragement.  But 
enough  have  survived  to  demonstrate  in  every  county  that  red 
cedar  deserves  a  place  high  in  the  list  of  trees  fitted  to  endure 
the  most  trying  conditions. 

AUSTRIAN  PINE. 

The  Austrian  pines  have  done  bravely  and  have  been  par- 
ticularly successful,  making  finely  formed  trees  in  spite  of 
their  constant  exposure  to  the  wind.  They  have  made  a  regu- 
lar growth  and  demonstrated  their  great  value  for  planting  in 
locations  where  trees  are  most  needed.  Occasional  specimens 
have  been  noted  in  other  localities,  and  in  every  case  their 
hardiness  and  success  have  been  most  gratifying.  The  rate  of 
growth  during  their  early  years  is  slow;  it  is  never  rapid,  but 
the  growth  of  an  evergreen  is  always  effective.  Their  work  is 
done  most  economically.  The  central  trunk  grows  true  and 
straight,  the  side  branches  protecting  the  trunk  from  sun  and 
wind. 

At  both  Stations  the  Austrian  pines  have  attained  a  height 
of  twenty-two  feet  and  a  diameter  of  four  inches  at  four  feet 
from  the  ground.  An  encouraging  observation  is  that  which 
records  the  rate  of  growth  as  increasing  as  the  trees  attain 
greater  age. 

The  same  conclusion  is  drawn  from  measurements  taken  of 
trees  on  other  plantations.  Near  Offerle,  on  high  prairie  soil, 
where  the  water  is  sixty  feet  below  the  surface,  a  little  plsmta- 
tion  made  thirty-five  years  ago  contains  twenty-two  trees 
planted  fifteen  feet  apart.  These  trees  now  measure  thirty  feet 
in  height  and  8.7  inches  in  diameter. 

A  good  Austrian  pine  is  a  handsome  tree.  Single  specimens 
or  groups  make  the  finest  of  lawn  trees  and  add  much  to  the 
appearance  of  any  home. 
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SCOTCH  PINE. 

The  Scotch  pine  has  not  been  so  widely  planted  in  the  west- 
em  part  of  the  state,  but  where  planted  compares  very  favor- 
ably with  the  Austrian  in  rate  of  growth  and  hardiness.  The 
young  trees  are  somewhat  more  slender  in  their  growth  than 
are  the  Austrian  pines  and  the  trunks  of  single  specimens  are 
liable  to  be  crooked  and  ill-shaped.  But  where  planted  in  suffi- 
cient numbers  to  protect  each  other  the  Scotch  pine  is  a  very 
valuable  tree. 

The  spruces  have  been  less  successful  than  the  pines  and 
red  cedars.  A  few  trees  at  the  Dodge  City  Station  have  done 
fairly  well,  and  for  lawn  planting  they  deserve  further  trial. 
All  observations  seem  to  indicate  that  they  are  much  less  de- 
sirable for  western  planting  than  the  pines  and  cedars. 


Platb  9.    Red  cedar  at  Glover  Park,  Blafl  Citj. 

For  ornamental  purposes  evergreens  are  unsurpassed,  offer- 
ing as  they  do  the  same  general  good  appearance  throughout 
the  season.  The  red  cedar  is  not  quite  so  handsome  through- 
out the  year,  as  in  dry,  cold  winters  the  foliage  often  assumes 
a  brownish-red  tint,  which  in  close  view  is  not  so  desirable  as 
the  pure  green  of  the  pines.  For  park  and  lawn  planting  the 
pines  are  rated  as  superior  to  the  cedar  for  the  eastern  part 
of  the  state.  But  the  hardiness  of  the  red  cedar  recommends 
it  for  the  ornamental  plantings  throughout  the  central  and 
western  part  of  the  state.  At  Glover  park,  near  Bluff  City, 
-2 
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Kan.9  some  very  fine  results  have  been  obtained  with  the  red 
cedar.  Trees  planted  in  1888  made  a  growth  in  height  of  prac- 
tically one  foot  each  year  and  are  handsome,  well-grown  speci- 
mens. It  is  sometimes  necessary  in  order  to  secure  a  symr 
metrical,  well-formed  tree  to  pindi  back  a  branch  that  is  mak- 
ing too  rapid  growth,  but  heavy  pruning  of  evergreens  should 
never  be  allowed.  The  natural  form  of  the  tree  is  vastly  su- 
perior, both  from  a  practical,  commercial  point  of  view  and 
landscape  effect,  to  any  form  that  may  be  secured  by  severe 
pruning. 

These  evergreens  are  the  best  trees  for  windbreak  purposes, 
they  are  at  work  all  the  year,  and  while  their  growth  is  not 
rapid  they  have  demonstrated  their  hardiness  and  ability  to 
withstand  any  hardship  except  fire,  when  once  they  are  well 
established  in  the  soil. 

I  am  well  aware  that  many  settlers  have  had  many  dis- 
couraging failures  result  from  their  attempts  to  grow  the  va- 
rious species  of  evergreens.  As  a  rule  high  prices  were  paid 
for  the  little  trees,  and  they  were  set  with  fond  hopes  and 
happy  expectations  of  the  improvement  the  trees  would  work 
in  the  appearance  of  the  home. 

In  many  cases  the  hopes  were  short-lived,  and  the  planter 
saw  his  trees  fade,  and  when  they  assumed  the  brown  color 
of  the  buffalo  grass  he  remembered  the  oft-repeated  prophecy 
of  the  deposed  ranchman,  "The  desert  will  come  back  and 
claim  its  own,"  and  as  he  saw  the  leaves  drop  and  next  winter 
only  the  bare  stem  where  he  had  hoped  for  a  beautiful  snow 
picture  of  green  and  white,  he  feared  the  prophecy  was  a  true 
one.  The  great  cause  of  loss  in  planting  has  been  due  to  the 
fact  that  when  the  roots  of  these  species  become  dry  the 
gummy  sap  hardens  in  the  tissue,  or  even  exudes  and  forms  a 
coat  about  the  roots,  enclosing  each  in  a  water-tight  compart- 
ment. The  little  tree  may  hold  its  color  for  some  time,  but  no 
root  growth  is  possible.  Unless  carefully  protected  from  sun 
and  air  every  moment  of  the  time  it  is  out  of  the  soil  the  chance 
for  its  success  is  very  small. 

Packing  in  wet  moss  should  always  be  practiced,  and  when- 
ever possible  the  tree  should  be  "balled" — ^the  soil  in  which  the 
roots  have  grown  taken  up  with  the  tiny  tree  and  taken  with 
it  to  its  new  location. 

The  best  success  in  growing  evergreens  has  been  secured  by 
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procuring  the  seedlings,  and  setting  them  in  nursery  rows,  the 
trees  being  a  foot  or  more  apart  in  the  row.  The  row  should 
be  partially  shaded  until  they  are  weU  started  at  least,  and  in 
very  trsdng  seasons  it  is. well  to  continue  the  shade  through- 
out the  summer  and  early  fall.  The  nursery  row  must  be  well 
cultivated  and  the  soil  kept  in  good  condition.  After  a  year 
or  two  in  the  nursery  row  the  trees  may  be  moved  to  the  loca- 
tion desired  with  little  danger  of  loss.  The  best  plan  is  to 
take  quite  a  ball  of  the  earth  with  the  tree,  and  carefully  set 
earth  and  tree  in  a  hole  previously  dug. 

The  best  results  have  followed  the  setting  of  young  trees 
moved  in  winter  with  the  earth  frozen  about  the  roots.  With 
trees  18  to  24  inches  high  a  good  method  is  to  plow  a  deep  fur- 
row each  side  of  the  row  and  then  cut  down  between  the 
trees  with  a  spade.  A  mulch  of  wet  straw  or  hay  is  applied 
to  prevent  the  soil  becoming  dry,  and  when  frozen  the  chunks 
of  soil  may  be  pried  out  with  a  bar  and  the  tree  taken  to  holes 
dug  in  the  fall  before  the  ground  is  frozen.  Some  soil  is  stored 
in  cellar  or  bam,  or  a  pile  of  it  covered  with  hay,  to  use  in 
filling  in  about  the  frozen  ball.  The  Experiment  Station  has 
shipped  trees  thus  handled  to  Fort  Hays  Branch  Experiment 
Station,  and  a  very  high  degree  of  success  has  always  followed 
the  use  of  this  method. 

DEMONSTRATION  PLANTINGS. 

Demonstration  plantings  were  inaugurated  at  both  of  the 
Forestry  Stations.  The  most  extensive  ones  were  made  from 
1889  to  1892.  These  were  set  in  rows  eight  feet  apart  and 
cultivated  for  some  years.  Observations  made  in  1909  as  to 
the  success  and  growth  of  the  species  planted  note  that  for  a 
good  many  years  no  cultivation  has  been  given  plantations  at 
Ogallah.  At  Dodge  the  same  condition  prevailed  for  some 
years  prior  to  1908,  when  the  sod  was  broken  up  and  has  since 
been  worked  into  very  fair  condition  in  preparation  for  some 
extensive  work  in  underplanting. 

It  is  apparent  that  cultivation  was  discontinued  before  the 
trees  were  sufficiently  large  or  numerous  to  shade  the  soil,  and 
the  grass  has  made  quite  a  thick  sod.  In  one  or  two  places  fire 
has  evidently  done  some  damage,  but  in  spite  of  all  the  hard- 
ships and  neglect  some  of  the  species  have  made  a  very  fair 
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growth  and  are  now  more  than  holding  their  own  against  the 
odds  which  have  been  so  long  against  them. 

GREEN  ASH. 

The  green  ash  has  fought  a  good  fight  at  Ogallah  in  a  block 
planted  in  1892.  The  rows  are  remarkably  even,  and  show 
nearly  ninety  per  cent  of  the  original  number.  Their  heights 
vary  but  little  except  on  the  south  edge,  where  the  friendly 
south  wind  has  piled  soil  and  Russian  thistles  about  them,  and 
these  trees  are  about  four  feet  higher  than  the  ones  not  so 
favored.    The  entire  plantation  averages  slightly  more  than 


Platb  10.     Green  ash  at  Offallah  Station. 

eleven  feet  high,  and  four  inches  in  diameter  at  three  feet. 
The  best  trees  are  sixteen  feet  in  height  and  six  inches  in  di- 
ameter. At  Dodge  City  the  ash  are  especially  good,  a  num- 
ber being  over  twenty  feet  high  and  five  inches  in  diameter, 
the  best  reaching  twenty-six  feet  and  a  diameter  of  seven 
inches.  They  are  well  formed  and  in  every  way  desirable 
trees.  The  value  of  the  ash  as  a  shade  and  ornamental  tree 
has  been  noted  in  many  localities.  Particularly  effective  use 
has  been  made  of  this  species  in  the  Glover  park,  at  Bluff 
City,  named  in  honor  of  Jas.  Glover,  who  plann^,  planted  and 
cared  for  it  during  its  entire  history.  The  trees  on  Ash  ave- 
nue, planted  in  1888,  have  attained  a  height  of  thirty  feet,  and 
are  as  uniform  in  shape,  size  and  beauty  as  could  be  desired. 


Digitized  by  VjOOQIC 


Mar.  1910.]    Conditions  in  Central  and  Western  Kansas.    313 


x-uATis  11.     A.Bn  avenue,   vjiover  x'sfk. 


BLACK  LOCUST. 

At  Ogallah  the  black  locust  has  fared  badly.  Borers  evi- 
dently destroyed  the  original  trees  and  fire  has  burned  many  of 
the  sprouts,  the  best  one  now  being  a  double  trunk  grown 
from  two  sprouts,  each  trunk  being  twelve  feet  high,  and  three 
inches  in  diameter  at  three  feet.  For  many  years  the  borer, 
known  to  entomologists  as  Cyllene  rohinise,  has  ravaged  this 
species  to  such  an  extent  as  to  make  it  seem  unwise  to  recom- 


Platb  12.     Black   locust  at  Dodsre  City   Station. 
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mend  black  locust  for  planting.  Most  plantations  made  in 
Kansas  have  shared  the  fate  of  the  one  at  Ogallah,  and  this 
otherwise  valuable  species  has  been  on  the  list  of  undesirable 
trees.  It  is  a  pleasant  task  to  note  at  Dodge  City  the  first  en- 
couragement for  the  owners  of  black  locust  plantings,  and  go- 
ing from  Dodge  City  west  and  south  we  have  seen  a  number  of 
plantings  that  confirm  the  opinion  that  black  locust  trees  are 
likely  to  prove  of  ultimate  profit  to  the  planter.  At  Dodge 
City  are  a  number  of  good  trees,  many  still  showing  the  effect 
of  the  borer's  ravages,  which  have  for  a  number  of  years  been 
rapidly  recovering  from  the  injury,  and  are  now  strong,  sturdy 
trees.  A  number  of  these  trees  at  Dodge  City  are  nearly 
thirty  feet  high  and  a  foot  in  diameter  at  three  feet  from  the 
ground. 

In  the  city  park  at  Anthony  are  a  number  of  specially  good 
black  locust  trees.    They  have  evidently  outgrown  any  injury 


Platb  18.     Black  locust,  Anthony  city  x>ark. 
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by  borers  and  demonstrate  the  possibility  of  this  species  when 
wdl  fin^own  and  free  from  insect  injury.  Some  of  these  trees 
are  fifty  feet  high,  eighteen  inches  in  diameter  two  feet  from 
the  ground. 

Not  many  of  the  plantings  made  in  accordance  with  the  pro- 
visions of  the  timber  culture  or  "tree-claim"  act  have  added  to 
the  forest  area  of  Kansas,  but  a  few  have  been  visited  which 
by  their  success  and  the  possible  weight  of  their  influence  upon 
future  plantings  have  certainly  achieved  what  the  authors  of 
the  bill  hoped  the  law  could  accomplish. 


Platb  14.    Blaek  loeust,  McCauIey  timber  claim. 

The  McCauley  timber  claim,  about  forty  miles  southwest  of 
Dodge  City,  is  one  of  these.  The  first  plantings  were  made  of 
Cottonwood  cuttings  and  box  elder  seedlings  and  were  not  suc- 
cessful. Black  locust  seed  was  planted  in  nursery  rows,  and 
the  trees  thus  grown  were  used  to  replace  the  cottonwood  and 
box  elder.  They  made  good  growth  for  a  few  years,  but  were 
afterwards  badly  injured  by  the  borers.  Ten  years  ago  the 
owners  decided  to  cut  it  to  the  ground  and  found  the  posts  and 
poles  considerably  worm-eaten,  but  they  were  so  much  in  de- 
mand that  the  ten  acres  netted  them  nearly  one  hundred  dol- 
lars per  acre.  The  value  of  the  fuel  secured  was  considered 
equal  to  the  cost  of  cutting.  The  brush  was  burned  to  check 
as  far  as  possible  the  increase  of  the  borers. 

After  ten  years  growth  this  plantation  is  in  a  most  promis- 
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ing  condition.  The  owner  estimates  the  posts  and  poles  as 
much  superior  to  the  cutting  made  ten  years  ago  and  the  con- 
dition of  the  trees  is  all  that  could  be  desired.  Many  of  them 
have  a  height  of  twenty-five  feet  and  a  diameter  of  three  and 
a  half  inches. 

A  mile  east  of  the  McGauley  timber  claim  is  a  plantation 
made  in  1882  and  still  owned  by  Mr.  Benj.  Haywood.  The  ten 
acres  consists  for  the  most  part  of  cottonwood  and  black  locust 
The  soil  is  specially  favorable  for  tree  growth,  being  a  rich 
sandy  loam,  and  the  trees  have  made  a  very  creditable  growth. 
A  number  of  the  cottonwoods  are  eighteen  inches  in  diametar 
at  four  feet  from  the  ground,  and  twelve  inches  in  diameter  at 
the  height  of  twenty-five  feet.    Many  are  seventy  feet  high. 

The  black  locusts  have  evidently  outgrown  the  injury  in- 


Platb  16.     Haywood  timber  claim. 

flicted  by  insects  during  their  early  years,  and  the  grove  con- 
tains many  fine  trees  of  this  species.  A  number  measure  over 
forty  feet  in  height.  Many  would  yield  good  poles  twenty-four 
feet  long,  and  a  few  good  thirty-foot  poles  might  be  cut.  Many 
average  six  inches  in  diameter  and  the  best  are  eight  inches 
through  at  four  feet  from  the  ground. 

HONEY  LOCUST. 

Of  all  the  species  tested  in  many  parts  of  western  Kansas, 
the  honey  locust  is  the  most  conspicuous  success. 

Its  rate  of  growth  is  only  moderate,  but  the  rate  is  main- 
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tained  for  many  years.  A  large  proportion  of  the  trees  planted 
have  good  form,  and  they  are  strong  in  stem  and  branch,  not 
often  injured  by  wind  or  ice  storms. 

At  the  Ogallah  Station  a  considerable  number  of  honey  lo- 
custs have  been  planted  in  the  older  groves  and  along  the 
woods,  and  where  given  good  care  the  records  are  very  satis- 
factory. Many  of  these  trees  have  reached  a  height  of  twenty 
feet  and  a  diameter  of  five  inches  in  fifteen  years. 


Platb  16.    Honey  loeust  at  Offallah  Station. 

In  a  demonstration  block  planted  eighteen  years  ago  and 
neglected  for  so  long  a  time  that  the  buffalo  sod  had  gained  a 
secure  foothold  the  honey  locust  has  made  a  very  creditable 
growth.  The  best  trees  have  reached  a  height  of  twenty-three 
feet  and  a  diameter  of  six  inches.  At  Dodge  City  the  honey 
locust  trees  have  done  very  well  indeed.  Some  few  trees  have 
been  the  victims  of  some  over-zealous  pruner.  Robbed  of  the 
foliage  that  nature  had  provided  to  protect  the  trunks,  the  hot 
sun  has  scalded  the  bark  on  the  south  and  west  sides  of  the 
tree.  After  the  bark  has  been  scalded  borers  find  conditions 
favorable  for  their  development  and  a  few  trees  of  this  species, 
usually  fairly  free  from  such  injury,  have  been  killed  by  the 
combination  of  too  heavy  pruning,  sun-scald  and  borers.  The 
srreater  number  of  the  honey  locust  trees  at -Dodge  City  have 
made  very  satisfactory  growth.    The  best  trees  are  thirty-five 
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Platb  17.    Honey  loeuit  at  Dodffs  CItj. 

feet  high,  and  twelve  inches  in  diameter.    They  are  handsome, 
graceful  trees,  good  specimens  of  this  very  desirable  species. 

OSAGE  ORANGE. 

The  Osage  orange  is  equally  as  hardy  and  resistant  to  all 
forms  of  tree  troubles  as  the  honey  locust  It  is  not  as  rapid 
in  growth,  nor  so  certain  to  make  trees  of  good  form,  but  its 
value  for  posts,  poles  and  fuel  is  widely  appreciated.  In  spite 
of  its  faults  it  is  well  toward  the  top  of  the  list  of  trees  for 
localities  where  conditions  are  somewhat  unfavorable  for  trees. 
The  thorns  and  the  habit  of  sprouting  are  its  faults,  and,  while 
serious  ones,  they  are  readily  overlooked  by  the  planter  who 
must  first  of  all  ask  the  question,  "Will  it  live?"  At  Ogallah 
the  Osage  orange  has  lived  up  to  its  reputation.  In  the  dem- 
onstration block,  in  spite  of  sod  and  at  least  one  fire,  over  120 
of  the  original  trees  or  strong  sprouts  from  them  are  still 
vigorous.  Fifty  of  these  average  over  ten  feet  high  and  two 
and  a  half  inches  at  three  feet  from  the  ground.    The  best  are 


Digitized  by  VjOOQIC 


Mar.  1910.]    Conditiana  in  Central  cmd  Western  Kansas.    319 


Platb  18.    Oaas*  orans«  at  Osallah  Station. 

fourteen  feet  high  and  three  and  a  half  inches  in  diameter. 
At  Dodge  City  the  Osage  orange  trees  have  been  more  for- 
tunate. Located  near  a  field  that  has  evidently  produced  some 
com  husks,  and  more  Russian  thistles,  the  rows  have  been  well 
mulched  and  the  soil  has  blown  into  the  mulch  until  the  trees 
now  stand  in  a  ridge  or  bank  from  two  to  four  feet  high.  A 
number  of  these  trees  are  nineteen  feet  above  the  bank  and 
four  inches  in  diameter.  They  are  valuable  for  many  pur- 
poses, but  too  handsome  and  useful  as  trees  to  be  sacrificed  for 
any  purpose,  however  important. 

Occasional  specimens  have  been  noted  in  many  trying  locali- 
ties that  attest  the  hardiness  and  resistance  of  this  species. 
The  trail  between  Johnson  City  and  Richfield  passes  an  old 
hedgerow  that,  after  being  deserted  for  many  years  and 
browsed  by  live  stock  in  severe  winters,  has  a  number  of  trees 
which  show  a  very  creditable  growth.  On  the  site  of  Fort 
Hays  are  a  few  Osage  orange  trees  that  were  evidently  con- 
veniently located  to  serve  as  hitching  posts.  They  are  scarred 
and  deformed,  but  after  years  of  neglect  they  have  repaid  a 
little  care  by  making  a  very  fair  growth. 

At  Garfield  a  row  of  Osage  orange  planted  thirty  years  ago 
along  the  Santa  Fe  railroad  presents  a  most  valuable  object 
lesson  in  the  possibilities  of  this  species  as  a  windbreak  and  in 
the  production  of  posts.  A  considerable  number  of  posts  have 
beai  cut  in  former  years,  and  at  present  1000  posts,  many  of 
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them  twelve  inches  in  diameter,  could  be  cut  from  500  yards 
of  this  hedge.  The  value  of  such  a  windbreak,  twenty-five  feet 
high,  is  not  easily  computed  if  it  surrounds  a  garden  or  fruit 
plantation. 

BLACK  WALNUT. 

At  Ogallah  the  black  walnut  shows  the  greatest  variation  in 
growth  and  success  of  any  species.  In  the  demonstration 
block,  on  the  north  side  of  the  farm,  the  trees  have  been  a  total 
failure.  Unable  to  endure  the  neglect,  the  encroachment  of 
the  buffalo  grass  and  a  fire,  but  five  poor  little  trees  are  yet 
alive;  the  largest  of  these  is  only  six  feet  high  and  one  and  a 
half  inch.s  in  diameter.  On  the  east  line  of  the  place,  near 
the  southeast  comer,  stand  a  few  walnut  trees  where  the  nuts 
were  planted  twenty-five  years  ago  by  Mr.  C.  C.  Yetter,  the 
owner  of  the  adjoining  farm.  They  have  benefited  by  the 
accidental  mulch  blown  about  them  and  by  the  soil  which  has 
drifted  into  the  mulch  from  the  adjoining  fields. 

These  trees  show  in  marked  degree  the  form  best  suited  for 
their  survival — ^widespreading  tops,  which  shade  the  trunk  and 
the  soil  about  it  The  measurements  of  these  twenty-one  trees 
show  quite  strikingly  the  adaptability  of  trees  to  the  condi- 
tions in  which  they  grow.  The  spread  of  the  tops  is  very  much 
greater  in  proportion  to  their  height  than  in  trees  of  the  same 
species  under  similar  conditions  in  eastern  Kansas.  Where 
three  or  more  trees  are  sufiiciently  close  to  protect  the  middle 
one,  the  middle  tree  runs  up  higher  and  puts  less  of  its  growth 
into  protecting  branches,  but  for  the  greater  number,  stand- 
ing quite  a  distance  apart,  it  has  been  a  case  of  "each  for  him- 
self." Of  a  number  of  black  walnut  trees  observed  in  eastern 
Kansas,  the  proportion  of  height  to  spread  of  branches  in 
trees  which  stand  alone  is  about  two  in  height  to  one  in  spread. 
These  trees  at  Ogallah  are  very  nearly  equal.  Some  have  a 
spread  of  branches  considerably  greater  than  their  height. 
One  tree  of  this  row,  ten  inches  in  diameter  at  three  feet  from 
the  ground,  is  but  sixteen  feet  high,  but  has  a  spread  of 
twenty-two  feet.  The  best  tree  in  the  row  has  a  diameter  of 
fifteen  inches,  is  thirty  and  one-half  feet  high,  with  a  spread 
of  twenty-four  feet.  The  averages  of  the  twenty-one  trees  in 
this  row  are :  Diameter,  nine  and  three-tenths  inches ;  height, 
twenty  and  one-tenth  feet;  spread,  nineteen  and  two-tenths 
feet.    These  figures  may  not  mean  much  to  persons  who  are 
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accustomed  to  think  of  black  walnut  trees  as  forest  giants,  but 
anyone  who  has  had  experience  in  growing  trees  on  high  plains 
feels  inclined  to  salute  these  squatty  specimens  as  ''squatter 
sovereigns" ;  and  when  one  sees  them  bear  a  few  bushels  each 
of  nuts  and  sees  the  satisfaction  that  the  children  of  the  short 
grass  derive  from  a  nutting  party,  and  how  a  part  of  the  nuts 
are  saved  for  seed,  he  appreciates  how  great  a  power  for  good 
a  few  well-grown  trees  may  be.  For  they  are  well  grown — so 
well  for  their  locality  that  they  may  well  serve  many  coming 
generations  of  Kansans  as  models,  and  point  the  importance 
of  taking  the  pains  to  plant  the  seed  and  care  for  the  tree  in 
the  location  in  which  it  is  to  stand  with  its  blessing  and  bene- 
diction for  future  generations.  A  few  miles  from  the  Dodge 
City  Station  a  plantation  of  walnut  trees  standing  where  the 
nuts  were  planted  has  been  making  very  satisfactory  growth. 
The  location  is  a  favorable  one,  the  slope  of  a  ravine  or  draw 
that  is  rather  steep  for  general  farming,  such  a  place  as  occurs 
on  hundreds  of  farms  all  over  the  state,  and  which  would  be 
much  more  valuable  and  productive  of  much  more  good  if 
planted  to  trees  than  in  fodders  or  grains.  This  plantation 
has  not  been  thinned,  and  considerable  resemblance  to  forest 
condition  has  been  reached  in  a  surprisingly  short  time.  The 
trees  are  in  rows  six  feet  apart  and  stand  quite  thickly  in  the 
row,  shading  the  ground  and  preventing  in  great  measure  the 
growth  of  grass  and  weeds.    In  eight  years  these  trees  have 


Plate  19.     Walnuts  near  Dodse  City. 
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reached  an  average  diameter  of  two  inches  at  the  ground  and 
an  average  height  of  twelve  feet.  Some  careful  thinning  would 
make  this  a  very  handsome  grove  in  a  few  years'  time. 

The  value  of  this  planting  of  the  seeds  where  the  trees  are 
to  stand  has  been  noted  in  Bulletin  120  of  the  Kansas  Experi- 
ment Station,  and  for  the  more  trying  conditions  of  western 
Kansas  it  is  especially  recommend^.  All  the  nut  trees  form 
very  strong  tap  roots.  In  the  forest  tree  nursery  work  of  the 
Kansas  Experiment  Station  seedlings  of  hickory  have  been 
noted  as  making  during  the  first  season's  growth  a  height  of 
six  inches,  while  the  root  reached  a  depth  of  thirty-six  inches. 
With  such  habits  of  growth  it  is  small  wonder  that  the  trans- 
planting of  these  trees  when  they  have  attained  a  height  of 
four  or  five  feet  usually  results  in  failure  and  disappoint- 
ment. Unless  the  tap  root  is  cut  and  the  formation  of  lateral 
roots  induced  while  the  tree  is  very  young,  it  is  useless  to  at- 
tempt to  transplant  a  nut  tree  by  ordinary  methods. 

A  few  miles  north  of  Plainville,  in  Rooks  county,  is  a  plant- 
ing of  bur  oak  which  is  making  an  admirable  fight  against 
the  encroachment  of  the  prairie.  Their  vigor  is  doubtless  due 
to  the  fact  that  their  tap  roots  have  reached  deep  down  into 
the  soil  and  are  able  to  supply  the  tops  with  sufficient  moisture 
to  endure  any  degree  of  drought. 

HACKBERRY. 

The  hackberry  has  not  been  very  extensively  planted,  but  the 
few  trees  at  Ogallah  sustain  the  reputation  of  the  species  for 
hardiness  and  vigor.  These  trees  show  a  -wide  variation  in 
form,  some  showing  the  synmietry  and  vigor  of  the  eastern 
form,  while  others  have  the  dwarfed  appearance  often  noted 
in  the  hackberry  trees  in  canyons  of  southwestern  Kansas  and 
northwestern  Oklahoma.  The  eastern  form  seems  not  less  suc- 
cessful than  the  western,  the  best  trees  measuring  sixteen  feet 
high  and  four  inches  in  diameter,  while  the  best  of  the  western 
form  are  but  twelve  feet  high  and  three  and  a  half  inches  in 
diameter.  The  success  of  this  species  has  been  so  general  that 
it  is  quite  certain  that  its  planting  will  prove  satisfactory  and 
profitable. 

ELM. 

The  white  or  American  elm  is  generally  hardy  and  its  suc- 
cess has  been  very  general.  Its  rate  of  growth  is  not  rapid, 
|2ut  regular,  and  the  adaptability  of  the  species  to  conditions  is 
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not  excelled  by  any  tree  yet  tested.  The  widespreading  low- 
topped  form  is  most  common,  and  the  sn^ower  who  attempts  to 
prune  western  Kansas  elms  into  an  imitation  of  the  Connecticut 
elms  is  certain  to  find  that  even  this  hardy  species  may  be 
ruined  by  sun  scald  and  insects. 


Platb  20.     White  elm  at  Osallah  SUtion. 

The  elms  in  the  demonstration  block  at  Ogallah  have  been 
somewhat  favored  in  their  location,  having  been  set  in  a  slight 
depression  in  the  high  prairie.  This  slight  difference  shows 
with  remarkable  distinctness,  the  trees  in  the  waterway  being 
much  larger  and  better  than  the  trees  upon  the  slope,  the 
gradation  being  readily  noticed.  Twelve  trees  are  above 
twenty  feet  in  height  and  five  inches  in  diameter,  the  best  being 
twenty-five  feet  high  and  six  inches  in  diameter.  Occasional 
specimens  have  been  noted  in  many  parts  of  the  state,  and  in 
every  case  where  the  trees  have  had  even  fair  care  a  high  de- 
gree of  success  has  been  attained.  At  Offerle,  on  high  prairie 
soil,  white  elms  have  attained  a  diameter  of  eighteen  inches,  a 
spread  of  forty  feet  and  a  height  of  thirty  feet.  For  shade  and 
street  trees  the  white  elm  is  especially  desirable. 

COFFEE  BEAN. 

The  coffee  bean  has  proved  able  to  adapt  itself  to  a  wide  va- 
riety of  soils  and  conditions.  In  eastern  Kansas  it  is  usually 
found  near  streams,  but  occasionally  climbs  to  the  higher  parts 
of  ravines  and  sometimes  to  the  high  upland.  It  has  not  been 
generally  planted,  but  has  succeeded  in  nearly  every  case  where 
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Platb  21.    CoffM  bean  at  Dodse  City  Station. 

tested.  At  Ogallah  the  best  trees  are  nine  feet  high  with  a 
diameter  of  three  inches,  and  the  trees  show  a  vigor  that  is 
most  encouraging.  At  Dodge  City  a  greater  number  have  been 
planted.  The  best  are  eighteen  feet  high  and  four  inches  in 
diameter.  In  a  number  of  localities  in  the  Arkansas  valley  its 
growth  has  been  very  satisfactory  indeed,  and  it  adds  pleasing 
variety  to  lawn  and  park  plantings. 

RUSSIAN  MULBERRY. 

The  success  of  the  Russian  mulberry  has  been  quite  varied, 
so  much  so  that  it  is  difficult  to  draw  conclusions  as  to  the  wis- 
dom of  including  it  in  a  list  for  general  planting.  In  northern 
Kansas  it  has  been  injured  very  frequently  in  severe  winters. 
Young  trees  making  vigorous  growth  have  been  killed  back  to 
the  ground  in  many  instances,  and  upon  older  trees  the 
young  wood  is  sometimes  killed.  The  trees  nearly  always  make 
a  good  recovery,  but  unless  carefully  trimmed  they  present 
an  unkempt  appearance,  which  is  unpardonable  in  a  lawn  or 
street  tree.  At  Ogallah  the  mulberry  is  very  poor.  A  few  have 
reached  post  size,  but  its  behavior  there  will  not  warrant  its 
being  recommended  for  northern  Kansas. 

At  Dodge  City  the  mulberry  has  succeeded  much  better. 
Even  the  best  trees  branch  near  the  ground  and  are  thick- 
topped  and  shrubby  owing  to  their  having  been  winter  in- 
jured, but  in  spite  of  this  their  growth  has  been  such  as  to  make 
them  of  considerable  value  for  posts  and  poles.     The  best 
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trees  at  Dodge  City  Station  branch  near  the  ground.  Some  of 
the  best  measure  twenty-four  feet  high,  and  several  individual 
trees  would  each  produce  a.  half  dozen  good  posts  and  as  many 
more  stakes. 

In  the  southern  counties  of  the  state  Russian  mulberry  seems 
much  less  liable  to  winter  injury.  At  Ashland,  in  Clark  county, 
the  courthouse  square  furnishes  a  very  good  illustration  of 
the  possibilities  of  this  species  for  posts  and  poles.  A  row  400 
feet  long,  now  eighteen  years  old,  would  cut  nearly  200  posts 
and  as  many  fair  stakes. 


Plate  22.     Russian  mulberry  at  Ashland. 

The  fruit  is  not  of  high  quality,  but  is  often  usad  when 
other  fruits  are  scarce,  and  as  it  ripens  with  the  cherries  and 
raspberries  it  seems  to  attract  many  birds  from  the  more 
valuable  fruits,  and  it  is  frequently  planted  in  the  windbreaks 
about  fruit  plantations  with  this  end  in  view.  The  need  of 
some  careful  selection  and  breeding  of  this  species  is  clearly  in- 
dicated. The  species  is  quite  readily  grown  from  cuttings  and 
the  better  individuals  may  be  propagated  and  the  uncertainty 
which  attends  the  planting  of  seedlings  be  avoided. 

The  desirability  of  the  mulberry  as  a  street  and  lawn  tree  is 
lessened  by  the  fact  that  the  fruit  attracts  flies  and  birds,  and 
causes  the  sidewalks  beneath  them  to  be  in  a  very  unclean  con- 
-3 
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dition,  and  as  the  fruiting  season  lasts  a  month  or  more  the 
nuisance  is  a  serious  one. 

The  fact  that  the  Russian  mulberry  is  generally  dicBciously 
flowered  makes  it  possible  to  avoid  the  fruit  nuisance  when  this 
species  is  desired  as  a  shade  tree.  By  using  cuttings  from 
staminate  flowered  trees  of  desirable  form  and  vigor  a  con- 
siderable degree  of  uniformity  may  be  secured.  At  the  fair 
grounds  at  Anthony,  Kan.,  may  be  found  a  very  fine  illustra- 
tion of  the  desirability  of  the  **male  mulberry"  for  shade  and 
ornament.  The  trees  are  sufl5ciently  uniform  to  make  the  ap- 
pearance of  the  rows  very  pleasing  and  the  rate  of  growth  has 
been  especially  good,  trees  set  four  years  ago  having  attained 
a  height  of  fourteen  feet  and  a  diameter  of  four  inches. 


Platb  23.     Male  mulberry  at  fair  grounds,  Anthony. 

While  most  of  the  Russian  mulberry  trees  are  more  or  less 
irregular  in  form  and  many  are  decidedly  crooked  and  ill- 
shaped,  an  occasional  tree  is  sufficiently  symmetrical  and  hand- 
some to  suggest  the  possibility  of  securing  a  uniform  type  by 
propagating  from  them  by  means  of  cuttings.  One  of  the  most 
handsome  trees  seen  in  southwestern  Kansas  is  a  mulberry 
tree,  perfect  in  form  and  sjmimetry,  on  the  farm  of  Jas.  Lewis, 
about  midway  between  Bluff  City  and  Anthony. 

One  mulberry  tree  at  Glover  park.  Bluff  City,  planted  in 
1888,  has  obtained  the  height  of  forty /eet,  a  spread  of  forty- 
two  feet,  with  a  diameter  of  twenty  inches  two  feet  from  the 
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Platb  24.    Mulberry  tree  in  Harper  eounty. 

ground,  from  there  into  five  branches  which  aggregfate  three 
feet  in  diameter. 

THE  AILANTHUS. 

The  ailanthus,  sometimes  called  "Tree  of  Heaven,"  is  not  of 
much  value  for  any  purpose,  but  its  success  is  encouraging  to 
tree  lovers.  At  Ogallah  the  trees  have  evidently  been  killed 
back  frequently  and  are  poor  specimens,  but  at  Dodge  City  a 
number  have  made  very  fair  growth  and  are  now  fairly  good 
trees,  twenty  feet  high  and  eight  inches  in  diameter  at  three 
feet.  The  tropical  appearance  of  the  young  trees  when  making 
a  vigorous  growth  is  quite  effective  and  they  have  some  value 
for  park  planting.  The  heavy  masses  of  seed  give  the  trees  a 
striking  appearance  in  summer,  particularly  when  in  ripening 
they  assume  a  pink  tinge  unlike  that  of  any  other  tree  growth. 
The  staminate  blossoms,  however,  emit  a  strong  odor  which 
many  persons  find  very  disagreeable,  and  the  pollen,  produced 
in  large  quantities,  is  objectionable. 
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Platb  25.     AilanthuB  at  Dodflre  City. 
RUSSIAN  OLIVE. 

The  Russian  olive  while  not  a  large  tree  is  desirable  on  ac- 
count of  its  hardiness  and  adaptability  to  trying  conditions. 
The  best  one  at  Ogallah  is  twelve  feet  high,  branches  low,  and 
with  its  soft,  silver-gray  foliage  makes  a  very  attractive  tree 
picture.  For  lawn  planting  it  is  a  very  desirable  addition  to 
the  list  of  hardy  species,  and  when  planted  in  groups  near 
Osage,  ash  or  other  species  with  dark  green  leaves  makes  a 
very  striking  contrast. 

COTTONWOOD. 

The  Cottonwood  and  other  species  of  the  poplar  group  have 
not  been  particularly  successful  when  planted  upon  the  heavy 
soil  of  high  prairies.  At  Ogallah  and  at  Dodge  City  the  poplar 
group  is  represented  by  a  few  dying  trunks  from  which  a  few 
sprouts  are  growing. 

At  the  Hays  Station  the  young  cottonwoods  have  made  a 
very  strong  growth  during  the  few  years  since  planting,  and 
furnish  protection  for  species  that  succeed  best  in  partial 
shade.  Along  the  creek  bank  and  in  ravines  where  the  soil  is 
always  moist  the  cottonwood  is  very  valuable,  producing  in 
some  cases  very  good  sawlogs  in  twenty-five  years.  In  sandy 
soils  the  cottonwood  succeeds  very  well,  and  all  along  the  val- 
ley of  the  Arkansas  and  its  tributaries  the  cottonwood  is  mak- 
ing forests  more  rapidly  than  any  other  species.    At  Dodge 
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City,  Garden  City,  and  in  fact  wherever  these  trees  have  been 
planted  in  the  valley,  very  good  results  have  been  recorded. 

The  trees  in  the  Dodge  City  park  were  planted  about  twenty 
years  ago.  They  now  stand  thirty  feet  apart  and  have  reached 
a  height  of  seventy  to  seventy-five  feet  with  an  average  diam- 
eter of  eighteen  inches  at  four  feet  from  the  ground.  Most  of 
them  branch  low,  but  they  make  a  very  good  form  for  groves 
for  public  gatherings. 

Another  planting  noted  about  six  miles  southwest  of  Gar- 
field, Pawnee  county,  about  thirty  years  old,  is  a  most  ex- 
cellent windbreak.  The  trees  are  planted  in  a  double  row,  and 
in  one  stretch  225  feet  long  77  trees  have  attained  a  height  of 
seventy-five  feet  and  a  diameter  of  twelve  inches  at  four  feet, 
and  would  make  very  fair  logs. 

The  ease  with  which  the  cottonwood  grows  from  cuttings 
marked  it  as  the  poor  man's  tree  and  it  was  very  widely  planted 
by  the  early  settlers.  When  located  near  a  well  or  a  watering 
place  it  always  made  the  most  of  an  occasional  watering  and 
produced  trees  of  considerable  size  in  a  short  time.  A  few 
settlers  who  systematically  watered  a  row  of  these  trees  have 
been  rewarded  by  a  rapid  growth  that  in  a  few  years  produces 
fine  trees. 

Wherever  the  soil  is  moist  and  somewhat  sandy  the  cotton- 
wood  will  make  very  fair  returns,  at  present  prices  of  lumber. 
Barrels  for  apples  and  sweet  potatoes,  crates  for  fruit  and 
vegetables  are  needed  in  ever  increasing  numbers,  and  cotton- 
wood  lumber  must  be  depended  upon  to  supply  a  large  part  of 
this  demand. 

For  park  plantings  the  cottonwood  should  be  grown  from 
cuttings  in  order  that  the  cotton  nuisance  may  be  avoided,  and 
as  it  is  the  only  species  that  can  produce  a  large  tree  in  a 
quarter  century  its  value  as  an  ornamental  species  is  not  easily 
overestimated.  The  cottonwood  has  been  the  pioneer  tree; 
even  on  upland  its  growth  has  made  the  success  of  longer  lived 
species  possible,  and  on  valley  soils  it  has  produced  shade,  fuel 
and  sawlogs  in  less  time  than  any  other  species  in  any  locality 
where  freezing  weather  occurs.  It  is  worthy  the  regard  of 
every  tree  lover  and  deserves  a  place  in  song  and  story  not 
less  honorable  than  the  oak. 
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OTHER  SPECIES. 

The  Linden,  or  Basswood,  is  represented  at  the  Ogallah 
Station  by  a  single  stunted  specimen.  At  Kinsley,  Edwards 
county,  six  very  fine  specimens  were  noted  which  have  made 
a  height  of  thirty-five  feet  in  twenty-five  years.  They  are 
evidently  very  much  at  home  and  show  every  indication  of 
being  well  adapted  to  their  location. 

The  Red  (or  Slippery)  Elm  is  not  often  found,  but  when 
set  it  has  proved  the  equal  of  the  white  elm  in  hardiness  and 
vigor.  Its  greater  value  should  prompt  tree  growers  to  use 
this  species  more  widely  for  western  planting. 

A  single  Sycamore  at  Ogallah  has  made  but  poor  growth, 
but  it  is  rather  surprising  that  it  has  survived  so  long  on  high, 
dry  land  with  but  little  care.  Many  fine  sycamore  trees  have 
been  observed  in  towns  in  the  Arkansas  valley,  particularly  at 
Great  Bend  and  Hutchinson,  and  it  is  believed  that  this  hand- 
some tree  is  worthy  of  more  extended  trial.  Several  other  less 
important  species  have  been  observed  to  be  attaining  fair  suc- 
cess, among  them  are  redbud,  Sophora,  persimmon,  ironwood 
and  China  berry. 

Box  Elder  and  Soft  Maple  make  a  rapid  growth  and  on 
moist,  rich  soils  often  make  fine  trees.  The  wood  becomes 
brittle  as  the  trees  age  and  injury  from  the  wind  is  very  com- 
mon. On  high  dry  soils  they  have  been  short-lived,  and  are  not 
recommended  for  upland  planting. 

CATALPA. 

No  tree  has  been  the  subject  of  so  much  discussion  as  the 
catalpa.  Any  mention  of  this  genus  should  first  distinctly  set 
forth  the  fact  that  there  are  several  species  which,  while  quite 
similar  in  general  characters,  differ  widely  in  adaptability  to 
conditions  and  more  in  rate  of  growth  and  value. 

The  species  of  value  is  native  in  southern  Indiana  and  Illi- 
nois, and  is  capable  of  enduring  severe  winter  weather  without 
injury;  it  also  excels  in  rate  of  growth,  form  of  tree  and  value 
for  use  any  other  species  of  the  genus  Catalpa. 

The  southern  catalpa,  now  knoi?v7i  to  the  botanist  as  Catalpa 
catalpa,  formerly  as  Catalpa  bignonioides,  and  the  Japanese 
species  Catalpa  kcempferi,  seem  to  hybridize  readily  with  the 
hardy  catalpa,  and  the  hybrids  vary  in  size,  form  and  value. 
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In  the  early  years  of  catalpa  enthusiasm  these  facts  were 
not  widely  known  and  many  plantings  have  been  the  cause  of 
untold  disappointment  as  well  as  great  financial  loss.  Many  of 
these  trees  have  been  seriously  injured  in  severe  winters  and 
later  made  but  slow,  uneven  growth.  Others  have  been  hardy 
but  made  only  low  shrubby  growth.  Moreover,  the  hardy  ca- 
talpa when  planted  on  dry  or  poor  soil  has  not  made  a  very 
successful  growth,  so  that  the  general  information  concerning 
the  catalpa  is  not  very  definite. 

On  good  soils  the  hardy  catalpa  has  been  a  very  profitable 
and  very  satisfactory  tree,  producing  a  crop  of  posts  and  poles 
in  from  seven  to  ten  years,  and  then  renewing  itself  from  the 
sprouts  or  coppice  growth,  sometimes  producing  a  second  crop 
in  less  time  than  that  required  for  the  first  crop. 

The  catalpa  trees  planted  at  Ogallah  and  Dodge  City  were 
evidently  the  inferior  species,  and  the  soil  and  location  being 
unfavorable  for  the  catalpa  the  trees  at  these  Stations  are 
practically  valueless. 

So  general  is  the  interest  in  the  catalpa  and  so  urgent  the 
need  of  general  information  that  the  following  extracts  from 
Bulletin  No.  108  of  the  Kansas  Experiment  Station  are  re- 
printed here. 

The  genus  Catalpa  belongs  to  the  family  of  the  BiGNONiACEiB. 
Of  the  six  species,  two,  C.  catalpa  Karst.  and  C.  speciosa  Ward., 
are  native  to  North  America.  Following  are  the  botanical 
descriptions  of  the  American  species : 

Catalpa  catalpa  (Linn.)  Karsten. 

Bignonia  catalpa  Linnaeus,  Spec.  PL,  ed.  1,  II,  622  (1753). 

Catalpa  bignoniaides  Walter,  Flora  Caroliniana,  64  (1788). 

Catalpa  eardifolia  Moench,  Meth.  464  (1794). 

Catalpa  temifolia  Cavanilles,  Desc.  PI.  26  (1802). 

Catalpa  ayringafolia  Sims,  in  Bot.  Mag.  XXVII,  t.  1094  (1808). 

Catalpa  communia  Du  Mont  de  Courset,  Bot.  Cult.,  ed.  2,  III,  242 

(1811). 
Catalpa  catalpa  Karsten,  Deutsch  Fl.  927  (1882). 

"Flowers  in  many-flowered,  crowded  panicles;  corolla  thickly  spotted 
on  the  inner  surface.    Fruit  slender.    Leaves  slightly  acuminate. 

"A  tree,  rarely  sixty  feet  in  height,  with  a  short  trunk,  sometimes  three 
or  four  feet  in  diameter,  and  stout,  elongated  brittle  branches,  which  form 
a  broad  head  and  dichotomous  branchlets.  The  bark  of  the  trunk  varies 
from  a  quarter  to  a  third  of  an  inch  in  thickness,  and  is  light  brown 
tinged  with  red  on  the  surface,  which  separates  in  large,  thin,  irregular 
scales.     The  branchlets,  when  they  first  appear,  are  green  shaded  with 
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Plate  26.     Catalpa  catalpa  Karst.,  Manhattan,  Kan.,  showing  characteristic  scaly  bark. 
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Platb  27.    Catalpa  oatalpa  Kant  (C.  bignonioidsa  Walt.)     Fruiting  branch, 
one-third  nataral  lisa. 
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purple,  and  slightly  puberulous.  During  their  first  winter  they  are  thick- 
ened at  the  nodes,  lustrous  light  orange  color  or  gray-brown  covered  with 
a  slight  glaucous  bloom,  and  marked  with  large,  pale,  scattered  lenticels, 
the  outer  layer  of  the  thin  bark  separating  easily  from  the  bright  green 
inner  layer.  The  leaf-scars,  in  which  appear  a  circle  of  conspicuous 
fibro-vascular  bundle  scars,  are  large,  oval,  and  elevated,  and  do  not  en- 
tirely disappear  until  the  third  or  fourth  year,  when  the  branches  are 
reddish  brown,  and  marked  with  a  network  of  thin,  flat,  brown  ridges. 
The  branch  continues  to  grow  throughout  the  summer,  the  end  dying  in 
the  autumn,  without  forming  a  terminal  bud,  and  appearing  during  the 
winter  as  a  black  scar  by  the  side  of  the  upper  axillary  bud.  The  ax- 
illary buds  are  minute,  globose,  and  deeply  immersed  in  the  bark,  with 
several  pairs  of  chestnut-brown,  broadly  ovate,  rounded,  slightly  puberu- 
lous and  loosely  imbricated  scales ;  those  of  the  inner  ranks  are  accrescent, 
and  when  fully  grown  are  bright  green,  pubescent,  and  sometimes  two 
inches  in  length.  The  leaves  are  opposite  and  in  threes,  broadly  ovate, 
rather  abruptly  contracted  into  slender  points,  or  sometimes  rounded  at 
the  apex,  cordate  at  the  base,  and  entire  or  often  laterally  lobed.  When 
they  unfold  they  are  coated  on  the  lower  surface  with  a  pale  tomentum, 
and  are  pilose  on  the  upper  surface;  and  at  maturity  they  are  thin  and 
firm,  light  green  and  glabrous  above,  pale  and  pubescent  below,  five  or  six 
inches  long  and  four  or  five  inches  broad,  with  stout,  terete  petioles  five 
or  six  inches  in  length,  prominent  midribs  and  primary  veins  arcuate 
near  the  margins,  connected  by  reticulate  veinlets,  and  furnished  in  their 
axils  with  clusters  of  dark  glands.  They  smell  disagreeably  when  bruised, 
and  turn  black  and  fall  to  the  ground  after  the  first  frost  of  the  autumn. 
The  flowers,  which  appear  from  May  in  the  South  to  July  in  New  Eng- 
land, are  produced  in  compact,  many-flowered  panicles  eight  or  ten 
inches  long  or  broad,  with  light  green  branches  tinged  with  purple,  and 
are  borne  in  slender  pubescent  pedicels  half  an  inch  in  length.  The  calyx 
is  half  an  inch  in  length,  and  green  or  light  purple.  The  corolla  is  white, 
with  a  broad,  companulate,  fiat  tube,  and  spreading  limb,  which,  when  it 
is  expanded,  is  an  inch  and  a  half  wide  and  nearly  two  inches  long;  it  is 
marked  on  the  inner  surface  on  the  lower  side  with  two  rows  of  yellow 
blotches  following  the  parallel  lateral  ridges  or  folds,  and  in  the  throat 
and  on  the  lower  lobes  of  the  limb  with  crowded  conspicuous  purple  spots. 
The  stamens  and  the  style  are  slightly  exserted.  The  fruit,  which  ripens 
in  the  autunm,  hangs  in  thick-branched,  orange-colored  panicles,  and  re- 
mains on  the  trees  without  opening  during  the  winter;  it  is  six  to  twenty 
inches  long,  a  quarter  to  a  third  of  an  inch  thick  in  the  middle,  with  a  thin 
wall,  which  is  bright  chestnut-brown  on  the  outside  and  light  olive-brown 
and  lustrous  on  the  inside,  and  in  the  spring  splits  into  two  flat  valves 
before  finally  falling;  the  partition  is  thin  and  light  brown.  The  seed  is 
about  an  inch  long,  a  quarter  of  an  inch  wide,  silvery  gray,  with  pointed 
wings,  terminating  in  long,  pencil-shaped  tufts  of  white  hairs. 

"Catalpa  catalpa  is  usually  supposed  to  be  indigenous  on  the  banks  of 
the  rivers  of  southwestern  Georgia,  western  Florida,  and  central  Alabama 
and  Mississippi.  The  hardiness  of  this  tree,  however,  in  severe  climates 
like  that  of  New  England,  would  indicate  an  origin  in  some  colder  and 
more  elevated  region,  and  it  is  possible  that  the  catalpa  trees  which  now 
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Plate  28.     Calalpa  catalpa  Karst   (C.  bignanioide»  Walt.)     Seeds,  natural  size. 

appear  to  be  growing  naturally  in  the  Southern  states  are  the  offspring 
of  trees  carried  there  by  man. 

"The  wood  of  Catalpa  catalpa  is  soft,  not  strong,  coarse-grained,  and 
very  durable  in  contact  with  the  soil,  with  numerous  obscure  medullary 
rays  and  rows  of  large  open  ducts  clearly  marking  the  layers  of  annual 
growth;  it  is  light  brown,  with  lighter  colored,  often  nearly  white  sap- 
wood,  composed  of  one  or  two  layers  of  annual  growth.  The  specific 
gravity  of  the  absolutely  dry  wood  is  0.4474,  a  cubic  foot  weighing  27.88 
pounds.  It  is  used,  and  highly  valued,  for  fence-posts,  rails  and  other 
purposes  where  durable  wood  is  needed. 

''The  bark,  which  contains  tannin  and  an  amorphous  bitter  principle, 
has  been  occasionally  used,  as  well  as  the  seeds,  in  decoctions  for  the  treat- 
ment of  bronchitis,  and  in  homeopathic  practice."  ("The  Silva  of  North 
America,"  Charles  Sprague  Sargent,  vol.  VI,  p.  86.) 
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Plate  29.     Catalpa  spedoaa  Ward,  Manhattan,  Kan.,  showine:  characteristic  deeply 
furrowed  bark,  not  peeling  off  in  scales,  as  in  plate  26. 
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Platb  30.     Cataipa  sp^cioaa  Ward.     Fruiting  branch,  one-third  natural  size. 
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Catalpa  spedosa  Warder. 

Catalpa  cordifolia  Jaume,  in  Nouveau  Duhamel,  II,  t.  5  (1802),  not 

Moench  (1794). 
Catalpa  bignonioides  Lesquereux,  in  Owen's  2d  Rep.  Arkan.  375 

(1860),  not  Walter  (1788). 
Catalpa  speciosa  (Warder,  in  Hort.)  Engelmann,  in  Bot.  Gaz.,  vol  V, 

1   (1880). 

"Flowers    in    few-flowered,    open    panicles 
spotted.    Fruit  stout.    Leaves  caudate  acumint 

"A  tree  in  the  forest  occasionally  120  fc 
straight  trunk,  rarely  four  and  a  half  feet  ii 
round-tipped  crown  of  slender  branches;  usua 
a  hundred  feet  high,  and  when  grown  in  open  i 
fifty  feet  in  height,  with  a  short  trunk  and  i 
branches.  The  bark  of  the  trunk  is  three-quart 
nearly  an  inch  thick,  brown  tinged  with  red, 
with  thick  scales.  The  branchlets  are  stout,  i 
are  light  green,  often  tinged  with  purple,  and 
hairs;  during  the  first  winter  they  are  light  ora 
covered  with  a  slight  bloom,  and  marked  wi 
lenticels,  and  with  the  elevated  oval  leaf-scars, 
inch  long  and  display  a  circular  row  of  large  1 
in  their  second  and  third  years  the  branches  gn 
and  lenticels  nearly  disappear.  The  end  of  the 
without  forming  a  terminal  bud,  and  during 
elevated  circular  scar  close  to  the  upper  ax 

minute,  globose,  partly  immersed  in  the  bark,  and  covered  with  loosely  im- 
bricated chestnut-brown  ovate  scales,  keeled  on  the  back  i^d  slightly 
apiculate  at  the  apex;  those  of  the  inner  ranks  are  accrescent  and  at 
maturity  are  foliaceous,  obovate,  acute,  gradually  narrowed  below  a  sessile 
base,  many  nerved,  with  dark  veins  pubescent  on  the  lower  surface,  and 
sometimes  nearly  two  and  a  half  inches  long  and  three-quarters  of  an 
inch  broad.  The  leaves  are  opposite  or  in  threes,  oval,  long-pointed,  cor- 
date at  the  base,  an^  usually  entire  or  funished  with  one  or  two  lateral 
teeth ;  when  they  unfold  they  are  pilose  on  the  upper  surface  and  covered 
on  the  lower  and  on  the  petioles  with  pale  or  rufous  tomentum,  which  soon 
disappears,  and  at  maturity  they  are  thick  and  firm,  dark  green  above  and 
pale  and  covered  with  soft  pubescence  below,  especially  along  the  stoat 
midribs,  and  the  principal  veins  marked  in  their  axils  with  large  clusters 
of  dark  glands.  They  are  ten  or  twelve  inches  long,  seven  or  eight  inches 
broad,  and  are  borne  on  stout  terete  petioles  four  to  six  inches  in  length. 
They  turn  black  and  fall  after  the  first  severe  frost  of  the  autunuu  The 
flowers,  which  appear  late  in  May  or  early  in  June,  are  borne  on  slender 
purple  pedicels,  furnished  near  the  middle  with  one  or  three  branchlets, 
and  are  produced  in  open,  few-flowered  panicles  five  or  six  inches  long  and 
broad,  with  green  or  purple  branches  marked  with  orange-colored  l^itic^ 
the  lowest  being  often  developed  from  the  axils  of  small  leaves.  The 
calyx  is  purple  and  divided  at  the  base  into  two  ovate  pointed  apiculate 
divisions.    The  corolla  is  white,  with  a  broad  conical  oblique  tube  nearly 
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Platb  81.    Catalpa  Bp€eU>Ba  Ward.    Seeds,  nataral  size. 

an  inch  long,  often  marked  externally  with  purple  spots  near  the  base,  and 
internally  on  the  lower  side  with  two  bands  of  yellow  blotches  which  fol- 
low two  parallel  lateral  ridges,  and  with  occasional  purple  spots  spreading 
oyer  the  lobes  of  the  lower  lips  of  the  limb,  which,  when  the  flower  is 
fally  opened,  has  a  vertical  diameter  of  nearly  two  inches  and  a  horizontal 
diameter  of  two  and  a  half  inches.  The  filaments,  which  are  marked  near 
the  base  with  a  few  oblong  purple  spots,  are  slightly  exserted,  and  rather 
longer  than  the  slender  glabrous  style.  The  fruit  is  eight  to  twenty 
inches  long  and  one-half  to  three-quarters  of  an  inch  in  the  middle,  with 
a  thick  wall,  which  towards  spring  splits  into  two  concave  valves;  the 
partition  is  thickened  in  the  middle  and  nearly  triangular  in  section.  The 
seed  is  an  inch  long  and  a  third  of  an  inch  broad,  with  a  light  brown  coat, 
and  wings  which  are  rounded  at  the  ends  and  terminate  in  a  fringe  of 
rather  short  hairs. 
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Plate  82.     Catalpa  k<Bmpf9ri  Sieb.  &  Zuce.     Fruiting  branch,  one-third  natural  sixe. 
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"Catalpa  apecioaa  inhabits  the  borders  of  streams  and  ponds  and  f er- 
tile,  often  undulating  bottom  lands,  and  is  distributed  from  the  valley  of 
the  Vermilion  river,  in  Illinois,  through  southern  Illinois  and  Indiana, 
western  Kentucky  and  Tennessee,  southeastern  Missouri  and  no^iiieast 
Arkansas;  through  cultivation  it  has  become  naturalized  in  sout»^  jcn  Ar- 
kansas, western  Louisiana,  and  eastern  Texas.  In  southern  ^''.inois  and 
Indiana,  where  it  probably  grew  to  its  largest  size,  tho  western  catalpa 
was  formerly  extremely  abundant"  ('The  Silva  of  North  America," 
Charles  Sprague  Sargent,  vol.  VI,  p.  89.) 

In  addition  to  the  native  species,  there  is  quite  frequently  to 
be  found  in  cultivation  the  Japanese  species,  Catalpa  kcsmpferi 
Sieb.  &  Zucc.,  in  ornamental  grounds,  between  which  and  the 
American  species  there  appear  to  be  numerous  hybrids.  The 
long,  very  narrow  pods,  borne  in  very  thick  clusters,  and  the 
low  habit  of  growth,  render  this  tree  easily  distinguishable. 
The  latest  botanical  description  of  C.  kcsmpferi,  published  by 
Sir  Joseph  Hooker  in  the  Botanical  Magazine,  is  as  follows : 

"A  middle-sized  tree,  twenty-five  to  thirty  feet  high,  with  spreading, 
rather  brittle  branches  and  copious  foliage;  main  branches  stout;  shoots 
green,  smelling  disagreeably  when  bruised;  leaves  about  six  inches  long 
and  broad,  of  a  bright  pale  green  color,  with  brown  glandular  spots  at 
the  junction  of  the  nerves,  broadly  ovate,  base  rounded  or  cordate,  margin 
sinuate  or  three-lobed,  the  lateral  lobes  short,  terminal,  tapering  to  a 
fine  point,  surfaces  pubescent  at  first,  then  glabrous  above,  smooth  or 
roughish  beneath;  i>etiole  two  to  five  inches  long,  round;  nerve  axUs 
pubescent.  Panicle  terminal,  erect,  as  long  as  the  leaves,  narrow  or 
broad;  rachis  with  small  brown  petioled  leaves  at  the  base;  fiowers  two 
or  three  together  at  the  ends  of  the  branchlets  of  the  panicle,  horizontal 
or  drooping,  pale  yellow,  sprinkled  with  minute  red  spots  within;  calyx 
very  small,  lips  rounded.  Corolla  campanulate,  three-quarters  of  an  inch 
long,  mouth  oblique,  upper  lip  short  recurved,  lower  spreading;  lobes  aU 
rounded  with  crisped  margins;  in  many  of  the  fiowers  a  small  recurved, 
tongue-shaped  appendage  to  the  corolla  occurs  on  the  corolla  tube  near  its 
base  above.  Capsule  a  foot  long  and  one-third  of  an  inch  in  diameter, 
cylindrical,  straight,  smooth,  brown;  seeds  compressed,  velvety,  produced 
at  each  end  in  fine,  silky  hairs." 

There  seem  to  be  intergrading  forms  between  the  two  Amer- 
ican species  of  catalpa.  Whether  these  variants  are  ecological 
in  character,  assuming  C.  catalpa  to  be  indigenous,  or  whether, 
by  means  of  occasional  early-blooming  individuals  of  the  South- 
eastern or  occasional  later-blooming  individuals  of*  the  West- 
em  or  hardy  catalpa,  hybrids  have  arisen  between  the  two 
forms,  it  is  on  present  evidence  impossible  to  say.  It  is  cer- 
tainly true  that  intermediate  forms  exist.    To  the  practical 
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Flats  88.     Catalpa  kwmpfeH  Sieb.  &  Zucc.     Seeds,  nataral  size.    This  particular  tret 
possibly  a  hybrid  with  one  of  the  American  species. 

planter  the  essential  thing  is  to  avoid  Catalpa  koampferi, 
C.  catalpa,  or  their  hybrids,  or  the  so-called  hybrids  of  C.  ca- 
talpa and  C.  speciosa,  and  so  far  as  possible  to  confine  his  for- 
est to  trees  most  near  to  the  best  type  of  Catalpa  speciosa. 
Great  carelessness  is  said  to  exist  in  the  trade  in  the  matter 
of  distributing  pure  seed  of  C.  speciosa.  For  the  benefit  of  pro- 
spective catalpa  growers  without  special  botanical  knowledge, 
a  few  salient  characters  may  be  seized  upon  to  distinguish  the 
species  in  question.  In  the  first  place,  the  fact  that  C.  speciosa 
blooms  about  two  weeks  earlier  than  C,  catalpa,  bears  larger 
and  showier  flowers,  fewer  in  cluster,  will  usually  be  a  safe 
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distinsruishing  feature.  It  cannot  be  too  strongly  urged  upon 
catalpa  planters  to  grow  their  own  trees  from  seed.  By  this 
means  the  danger  of  obtaining  the  undesirable  species  is 
greatly  lessened,  since  careful  study  of  the  seed  characters 
offers  an  additional  safeguard.  If  the  prospective  grower 
gathers  his  own  seed,  it  will  be  well  to  obtain  it  from  mature 
trees,  if  possible,  since  the  bark  characters  offer  striking  con- 
■  trasts  in  the  two  species.  The  bark  of  C  catalpa  is  scaly,  peel- 
ing off  in  short  strips,  much  as  does;  that  of  the  wild  cherry. 
Catalpa  spedosa,  on  the  other  hand,  like  the  ash  or  the  box 
elder,  has  furrowed  bark,  not  separating  from  the  trunk  in 
scales.  Plates  29  and  30  show  quite  well  these  contrasting 
characters.  While  the  pods  of  the  hardy  catalpa  are  usually 
longer,  larger  and  straighter  than  those  of  the  Southeastern 
species,  this  is  not  an  invariable  rule.  The  seeds  of  Catalpa 
spedosa,  however,  are  quite  readily  distinguished  from  those 
of  C  catalpa,  in  the  fact  that  they  are  wider,  have  usually  a 
more  pronounced  notch  between  the  wings,  and  the  tips  of  the 
latter  are  fringed  with  a  brush  of  hairs  which  stand  squarely 
out  from  the  wings  and  are  not  drawn  into  narrow  points 
(plates  34  and  35) .  Catalpa  kosmpferi  and  its  hybrids  have  the 
hairs  on  the  seeds  arranged  much  as  in  C.  spedosa,  but  the 
seeds  themselves  are  so  much  smaller  and  narrower  that  no 
confusion  is  possible  (plate  36). 

CATALPA  PLANTATIONS  AT  THE  AGRICULTURAL  COLLEGE. 

The  earliest  planting  of  catalpa  by  the  Agricultural  College 
was  made  in  1872.  The  trees  were  a  part  of  a  mixed  planting 
made  on  the  old  College  farm.  Prof.  E.  Gale,  in  a  report  made 
to  the  State  Board  of  Agriculture,  and  published  as  a  part  of 
the  Transactions  of  the  State  Board  of  Agriculture,  1872,  page 
430,  says  in  regard  to  the  soil :  "The  land  selected  for  this 
purpose  was  that  least  adapted  to  the  cultivation  of  cereals  or 
root  crops  of  any  now  broken  up  on  the  College  farm.  This 
selection,  all  things  considered,  was  thought  best,  for  it  is,  in 
general,  this  quality  of  soil — ^the  high,  gravelly  and  broken 
ridges — ^which  should  ultimately  be  planted  to  forest."  Speak- 
ing of  the  planting  as  a  whole,  he  says :  "As  was  anticipated, 
the  growth  of  the  young  trees  has  not  been  as  vigorous  upon 
this  soil  as  it  would  have  been  upon  lower  and  richer  land,  but 
still  abundantly  sufficient  to  give  the  most  encouraging  promise 
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of  future  success."  Speaking  of  the  growth  of  the  catalpa,  in 
this  planting,  he  says:  ''The  catalpa  has  made  a  growth  of 
from  twelve  to  twenty  inches  from  seed." 

In  part  II  of  the  Fifth  Biennial  Report  of  the  State  Board  of 
Agriculture,  1885-'86,  page  159,  in  "Notes  from  the  Experi- 
mental Tree  Planting  at  the  Agricultural  College,"  Prof.  E.  A. 
Popenoe  says  regarding  the  catalpas  planted  in  1872:  ''Cor- 
taipa  speciosa.  On  poor  gravelly  clay  soil,  planted  much  more 
closely  than  the  white  ash,  not  thinned,  excepting  by  the  re- 
movel  here  and  there  of  trees  for  posts.  Stand  about  twenty- 
five  feet  in  height,  and  have  an  average  circumference  of  about 
fifteen  inches;  the  largest  trees  twenty-two  inches  at  four  feet 
from  the  ground.  Trunljs  more  likely  to  fork  or  carry  large 
branches  below  than  those  of  white  ash." 

It  will  be  noted  from  the  foregoing  quotations  that  the  ca- 
talpas, even  on  this  exceedingly  poor  soil,  were  being  cut  for 
posts  when  not  more  than  thirteen  years  from  planting.  Hav- 
ing been  planted  so  long  before  the  establishment  of  the  Ex- 
periment Station,  accurate  records  are  wanting.  Some  posts 
have  been  cut  nearly  every  season;  in  1901  sixty-five  were  cut 
from  this  planting.  It  is  evident  from  the  information  avail- 
able that  the  ground  has  paid  as  high  a  rental  as  good  land  has 
paid  in  farm  crops.  The  trees  have  not  renewed  from  sprouts 
as  readily  as  have  the  trees  on  lower,  richer  land,  but  have  done 
fairly  well  in  this  respect.  At  this  date,  November,  1901, 
nearly  thirty  years  from  planting,  and  with  good  rent  for  the 
past  sixteen  years,  this  plat  of  ground  of  about  three-fourths 
of  an  acre  contains  350  trees,  which  would  cut  at  least  610 
good  posts.  This  does  not  represent  all  the  value  of  this  plant- 
ing, for  the  soil  is  evidently  very  much  better  than  when  the 
trees  were  planted.  The  leaves  have  given  texture  to  the  soil, 
which  now  shows  some  considerable  humus  in  its  composition. 
The  ground  is  now  practically  under  forest  conditions,  and 
seedlings  of  box  elder,  mulberry,  elm,  ash,  oak  and  red  cedar 
are  found  growing  among  the  catalpas.  Plate  I  shows  one  of 
the  best  of  the  trees  now  growing  in  this  planting;  it  is  twelve 
inches  in  diameter  and  over  thirty-five  feet  high.  Some  idea 
of  the  growth  of  underbrush  and  young  trees  may  be  had  from 
the  same  plate. 

In  the  spring  of  1888  the  horticultural  department  of  the 
Experiment  Station  planted  about  two  and  sixth-tenths  acres 
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of  the  old  College  farm  to  catalpas.  The  soil  of  this  plat,  while 
not  so  decidedly  poor  as  that  of  the  planting  of  1872,  is  very 
thin,  and  is  underlaid  by  a  hard,  poor  subsoil.  Plantings  were 
made  four  feet  by  two  feet,  four  feet  by  four  feet,  and  four 
feet  by  eight  feet.  All  were  given  good,  clean  cultivation  for 
two  years.  The  third  season  the  trees  set  eight  feet  by  four 
feet  were  cultivated;  those  set  closer  were  large  enough  to 
make  cultivation  difficult.  The  ground  was  well  shaded  and 
fairly  well  covered  with  leaves,  so  the  lack  of  cultivation  did 
not  seem  to  affect  their  growth.  Each  season  the  trees  were 
trimmed  to  prevent  their  branching  too  low  for  the  formation 
of  good  posts.  Results  show  that  the  time  required  for  trim- 
ming was  well  spent. 

In  the  rows  set  four  feet  by  two  feet,  many  of  the  trees  died 
or  were  cut  out  within  a  few  years  after  planting,  before  the 
wood  was  of  any  value.  Subsequent  thinnings  gave  wood  and 
stakes  enough  to  pay  for  the  work.  This  planting,  for  the  last 
eight  or  nine  years,  has  been  practically  a  four-by-four-foot 
planting.  The  trees  which  were  removed  seemed  to  have  little 
effect  in  causing  a  taller,  straighter  growth,  the  trees  in  the 
four-feet-by-two-feet  block  showing  little  difference  in  height 
and  somewhat  less  in  diameter;  in  other  words,  the  additional 
trees  were  of  no  benefit,  but,  on  the  contrary,  were  a  detriment. 
In  a  part  of  this  planting  where  the  trees  had  been  left  at  the 
original  distances  until  1900,  the  trees  in  one  of  the  four-foot 
rows  had  more  than  twice  the  amount  of  posts  and  wood  as  the 
trees  two  feet  apart. 

Comparing  the  plantings  originally  4x4  and  4x8,  the  thin- 
ner plantings  have  given  the  best  results.  Ten  rows,  4x4  feet, 
117  feet  long,  contained  251  trees  having  85  good  posts.  Ten 
rows,  8x4  feet,  117  feet  long,  grew  228  trees,  having  280  good 
posts.  The  trees  in  the  wider  rows  have  a  greater  height  and 
diameter,  the  average  diameter  in  the  planting  4x8  feet  apart 
being  slightly  under  six  inches ;  in  the  rows,  4x4  feet  apart 
the  average  diameter  is  nearly  four  and  one-fourth  inches. 
The  average  height  is  about  the  same,  eighteen  feet. 

In  some  cases,  where  trees  were  thinned  by  cutting  off  just 
above  the  ground,  the  new  shoot  from  the  stump  made  such  a 
straight,  rapid  growth  that  the  cutting  back  seemed  to  secure 
the  formation  of  straighter  posts.  As  might  be  expected,  the 
second-growth  posts  grow  to  a  suitable  size  for  use  in  less 
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Plati  84.     CaUlpM  used  for  shade  trees  at  Ajrrieultural  Collese. 
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Platb  36.     Golden  caUtlpa  on  Agricultural  College  campus. 
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time  than  was  required  for  the  first  growth  of  trees.  The 
comparative  value  of  the  first  and  the  second  growths  for  posts 
is  a  subject  for  further  observation. 

Catalpas  have  been  used  for  shade  and  ornamental  trees  on 
the  College  campus,  around  the  buildings,  and  in  the  clumps 
and  belts.  Given  a  sufficient  amount  of  room,  in  a  good  soil, 
the  catalpa  trees  have  made  a  fairly  rapid  growth,  and  usually 
have  made  pleasing,  symmetrical  form.  The  foliage,  while  not 
especially  heavy,  is  sufficient  for  good  shade,  and  the  blossoms 
add  to  its  appearance  in  their  season.  Plate  34  shows  a  clump 
of  catalpas  near  the  Domestic  Science  building.  The  soil  is  of 
only  medium  quality,  and  the  trees  are  of  a  very  good  size  for 
fourteen  seasons'  growth. 

Plate  35  shows  a  very  fine  specimen  of  the  Golden  catalpa; 
the  tree  is  graceful  and  symmetrical,  rather  heavier  in  foliage 
than  most  of  the  trees  of  this  species.  It  is  36^  feet  high,  15 
inches  in  diameter  at  two  feet  from  the  ground,  and  13^  inches 
at  four  feet  from  the  ground.  The  yellow  tint  is  quite  con- 
spicuous in  the  early  part  of  the  season,  but  is  much  less  so 
Biter  midsummer.  Young  trees  show  the  yellow  shade  much 
more  than  the  older  ones. 

Specimens  of  the  Purple-leaved  catalpa  have  been  grown  on 
the  College  campus.  The  purple  tint  is  much  more  conspic- 
uous in  the  younger  trees,  and  with  these  the  colors  are  most 
vivid  in  the  early  part  of  the  season.  The  specimens  grown 
here  have  been  grown  on  a  soil  of  medium  quality,  and  have 
made  but  a  moderate  growth,  inclining  to  be  shrubby.  Prob- 
ably the  best  results  in  the  way  of  foliage  would  be  secured 
by  cutting  back  severely  and  growing  as  shrubs. 

The  Japanese  catalpa,  Catalpa  kosmpferi,  has  made  rather  a 
low,  shrubby  growth  on  the  College  campus.  It  presents  a  fine 
appearance  when  in  bloom,  carrying  a  heavy  load  of  flowers. 
In  the  fall,  after  the  leaves  are  fallen,  it  presents  a  rather 
unique  appearance,  the  large  number  of  slender  pods  giving 
the  branches  a  drooping  effect. 

A  number  of  Teas'  hybrid  catalpas  were  set  in  the  timber 
belts  on  the  College  campus.  These  have  been  somewhat  va- 
riable in  form  and  growth,  but  have,  on  the  whole,  made  good 
growths  and  fine  trees. 

Some  of  the  trees  set  in  a  cooperative  experiment  with  the 
division  of  forestry,  Department  of  Agriculture,  are  evidently 
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of  the  Southern  species,  CataVpa  catalpa.  They  were  killed  to 
the  ground  in  February,  1899,  and  have  been  seriously  injured 
by  cold  in  other  seasons.  Doubtless  much  of  the  dissatisfac- 
tion with  the  catalpa  has  been  caused  by  the  setting  of  other 
species  than  speciosa. 

Posts  set  ten  years  ago  in  the  Experiment  Station  vineyard 
are  still  in  very  good  condition,  and  there  is  no  doubt  that 
they  merit  the  general  favor  in  which  they  are  held.  The 
wood  not  suitable  for  posts  makes  very  fair  fuel.  It  bums 
readily  and  lasts  well  for  so  light  a  wood.  Plate  36  shows 
the  cross-section  of  a  catalpa  planted  in  1880  and  cut  in  1900. 
Plate  37  jshows  the  section  of  a  board  cut  from  the  same  tree. 
The  trunk  made  a  board  eight  feet  in  length,  the  width  of 
that  shown  in  the  plate.  When  cut,  this  was  a  fine,  healthy 
tree,  with  a  spread  of  at  least  twenty-five  feet.  The  best  de- 
velopment of  the  belt  in  which  it  grew  demanded  its  removal. 

Trees  of  suitable  size  for  sawing  have  been  used  by  the 
mechanical  department  for  various  purposes.  Mr.  W.  L. 
House,  foreman  of  the  College  wood-working  shops,  says  in 
regard  to  the  catalpa  wood :  'It  has  a  beautiful  grain,  polishes 
easily,  and  takes  a  fine  finish.  It  has  sufficient  strength  for 
the  various  kinds  of  cabinet  work,  and  is  desirable  in  every 
way  for  this  purpose.  For  wide  surfaces  it  joins  nicely,  match- 
ing the  grain  easily.  It  works  easily,  either  with  the  lathe  or 
with  hand  tools,  and  is,  in  every  respect,  a  valuable  wood  for 
the  finisher  and  cabinet-maker." 

Nursery  Notes. 

Seedlings  of  the  catalpa  are  easily  grown.  No  difference  has 
been  noted  in  the  vitality  of  seed  gathered  in  the  fall  and 
stored  in  a  dry,  cool  place  and  in  that  which  had  hung  on  the 
trees  until  spring.  Good  stands  have  been  secured  by  plant- 
ing in  rows  of  suitable  width  for  cultivation,  dropping  the 
seeds  quite  thickly  in  the  row  and  covering  rather  shallowly, 
about  one  inch  deep.  Plantings  made  when  the  ground  is  in 
good,  warm  condition  have  succeeded  better  than  plantings 
made  very  early  or  very  late.  On  good  soil  and  with  good  care, 
the  growth  of  catalpa  seedlings  has  been  from  one  to  five  feet 
the  first  season.  One-year-old  trees  are  best  for  planting.  In 
the  planting  of  1888,  yearling  trees  have  made  posts  as  soon 
as  two-year-old  trees.    The  yearling  trees  are  easily  set  by 
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laying  oflf  the  rows  with  a  plow  or  lister,  followed  by  a  little 
work  with  the  spade,  care  being  taken  to  Arm  the  soil  well 
when  the  tree  is  put  in  position.  Setting  in  the  spring  is  usu- 
ally most  successful,  and  should  be  done  before  the  buds  are 
much  swollen.  As  with  all  trees  that  are  being  transplanted, 
care  must  be  taken  to  prevent  drying.  If  the  roots  be  ex- 
posed for  only  a  few  minutes  to  the  sun  or  drying  winds,  the 
chances  for  success  may  be  seriously  reduced. 


PLAm  86.    CroM  section  of  eatalpa  ffrown  on  Affrienltarml  College  eampoB. 
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Plate  87.     Section  of  board  from  catalpa  tree  ffrown  on  A«ricaltural  College  eampus. 

Conclusions, 
The  catalpa  plantings  made  by  the  College  and  the  Experi- 
ment Station  have  given  encouraging  results.  On  very  poor 
soil  the  catalpas  have  been  a  paying  crop.  Almost  any  other 
cropping  of  this  land  would  have  reduced  its  fertility,  while 
the  crop  of  trees  has  unquestionably  been  beneficial,  both  by 
preventing  washing  and  by  the  addition  of  some  humus. 
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On  good  soil  the  growth  has  been  proportionately  better. 
The  trees  have  made  a  more  rapid  and  vigorous  growth,  pro- 
ducing trunks  of  suitable  size  for  posts  in  from  seven  to  ten 
years,  and  in  twenty  years  trees  have  grown  to  a  size  sufficient 
for  heavier  uses,  or  for  lumber  for  finishing  or  cabinet  work. 

The  most  desirable  distances  for  planting  probably  vary 
somewhat  for  different  soils  and  locations.  Rows  eight  feet 
apart,  with  the  trees  five  or  six  feet  apart  in  the  row,  would 
seem,  from  our  observations,  to  be  a  good  distance  for  general 
planting.  With  the  rows  eight  feet  apart,  com  or  some  other 
rowed  crop  may  be  planted  for  at  least  one  season. 

Good  clean  cultivation  should  be  given  for  several  years. 
Attention  should  be  given  to  trimming  the  trees,  to  avoid  low 
branching. 

Cutting  back  to  the  ground  usually  secures  a  rapid  growth  of 
smooth  straight  wood. 

The  young  trees  are  easily  raised,  transplant  readily,  grow 
rapidly,  and  endure  extremes  of  drought,  heat,  and  cold. 

PRESENT  WORK  AT  THE  DODGE  AND  OGALLAH 
FOREST  STATIONS. 

In  addition  to  the  work  incident  to  the  collection  of  data  con- 
cerning the  natural  and  artificial  forest  resources  and  possi- 
bilities of  Kansas,  the  Stations  at  Dodge  City  and  Ogallah 
have  been  maintained.  Their  equipment  has  been  increased 
by  the  purchase  of  teams  and  implements  and  the  plantings  of 
forest  trees  put  into  condition  to  prevent  any  future  injury 
from. fire  and  to  enable  them  to  make  the  best  of  the  conditions 
under  which  they  are  growing.  In  other  words,  the  purpose 
now  is  to  give  these  trees,  that  are  expected  to  furnish  en- 
couragement and  object  lessons  for  future  planters,  a  fair 
chance  and  a  "square  deal"  by  maintaining  effective  fire  guards 
and  such  soil  conditions  as  seem  best  for  the  securing  of  the 
forest  conditions  under  which  they  may  succeed.  The  breaking 
up  of  the  sod  has  been  the  first  requisite,  and  in  future  the  con- 
ditions needed  for  the  conservation  of  soil  and  moisture  will  be 
maintained  so  far  as  is  possible. 

Plantings  of  shade-enduring  species  will  be  undertaken 
where  the  trees  are  too  few  to  furnish  shade  for  the  protection 
of  soil  and  stem.  Species  which  have  demonstrated  their 
ability  to  succeed  will  be  most  used  and  in  numbers  which  will 
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furnish  a  basis  for  accurate  estimates  of  their  rates  of  growth 
and  their  general  value. 

Demonstrations  in  other  agricultural  lines  authorized  by  the 
legislature  have  been  begun.  The  possibility  of  preparing  soil 
for  trees  by  the  use  of  preceding  crops  is  the  main  object  un- 
dertaken, but  the  value  of  the  cowpea  in  furnishing  a  protein 
feed  for  localities  where  other  legumes  have  not  been  intro- 
duced was  incidental  to  its  use  in  preparing  soil  for  tree  pur- 
poses. A  comparison  of  the  value  of  milo  maize,  both  dwarf 
and  standard  varieties,  with  the  Kafir  corns,  was  begun  and 
will  be  continued. 

The  season  was  less  favorable  at  the  Dodge  City  Station, 
but  good  crops  of  fodders  were  obtained.  Demonstrations  of 
the  value  of  improved  seed  wheat  are  also  under  way  on  land 
not  yet  required  for  the  work  with  trees. 

The  wholesale  distribution  of  seedlings  undertaken  by  these 
Stations  in  the  past  has  not  been  productive  of  the  good  in- 
tended. The  evil  of  setting  poorly  handled  trees  in  poorly  pre- 
pared soil  has  been  discussed  in  this  report,  and  it  is  not  pro- 
posed to  continue  this  evil.  The  nursery  efiforts  will  be  in  the 
direction  of  ascertaining  means  of  producii^g  trees  which  are 
best  adapted  to  western  Kansas  conditions  and  ascertaining  the 
added  value  and  the  feasibility  of  the  planting  by  general 
farmers  of  seeds  where  the  trees  are  to  stand. 

Trees  grown  by  these  Stations  will  be  used  in  demonstrations 
made  in  codperation  with  individuals,  school  districts,  coun- 
ties and  towns,  and  careful  investigation  will  be  made  as  to  the 
preparation  of  the  soil  and  adaptation  of  trees  for  the  several 
locations. 

It  is  the  hope  of  the  State  Experiment  Station  that  through 
the  office  of  state  forester  the  facts  concerning  tree  growth  and 
the  probabilities  of  success  with  the  various  species  may  be  so 
widely  disseminated  that  a  much  greater  degree  of  success  may 
attend  future  efforts  in  tree  planting.  It  is  certain  the  proper 
preparation  of  soil  and  correct  selection  of  species  should  pre- 
cede any  planting. 

There  are  many  localities,  particularly  in  central  Kansas, 
where  plantations  for  post  and  pole  purposes  are  as  nearly  cer- 
tain to  produce  very  good  profits  as  are  any  agricultural  in- 
vestments. The  office  of  state  forester  will  attempt  to  advise 
prospective  planters  concerning  the  adaptation  of  species  to 
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soils  and  locations  and  as  to  the  best  methods  of  soil  prepara- 
tion. When  possible,  planting  plans  will  be  prepared  showing 
the  details  of  distance  and  proportion  of  species.  It  is  not  con- 
sidered advisable  to  undertake  to  make  plans  for  areas  smaller 
than  two  acres,  but  all  possible  advice  and  help  will  be  given 
regardless  of  the  area  under  consideration.  Advice  concern- 
ing public  grounds  will  be  undertaken  and  plans  prepared  for 
the  planting  of  trees  for  school  grounds.  It  is  believed  that 
many  districts  in  the  state  can  well  afford  to  add  a  few  acres  to 
the  school  grounds  for  the  planting  of  a  demonstration  wood  lot. 
This  should  be  particularly  true  of  districts  where  consolidated 
schools  are  maintained.  An  acquaintance  with  trees,  their  re- 
quirements and  their  values,  is  an  essential  part  of  a  well 
balanced  education  and  furnishes  a  means  of  mental  growth  as 
well  as  a  fund  of  useful  information. 

A  grove  of  well-grown  trees  is  a  valuable  possession  for  any 
municipality,  providing  a  location  for  public  gatherings  and 
adding  in  many  ways  to  the  comforts  and  amenities  of  life  in 
country  and  town.  Such  a  plantation  has  a  financial  as  well  as 
a  landscape  value,  and  in  years  to  come  a  grove  of  good  timber 
will  be  a  valuable  resource  for  any  owner. 

In  or  near  many  towns  there  are  areas  of  varying  size,  ra- 
vines or  low  land,  that  are  now  unsightly  spots  but  which 
might  be  transformed  into  bits  of  woodland  that  would  add 
charm  to  the  landscape  and  in  time  to  the  wealth  of  the  com- 
munity. 

On  many  farms  there  are  ravines  forming  i^long  the  lines  of 
drainage  that  if  planted  to  trees  might  produce  posts,  poles 
and  fuel  for  the  farm  and  at  the  same  time  check  the  force  of 
the  water  and  lessen  the  amount  of  good  soil  that  washes 
down  the  creek  to  increase  the  delta  of  the  Mississippi  and  the 
expense  of  the  deep  waterway  project.  Good  citizenship  should 
demand  that  the  owner  of  land  protect  it,  conserve  and  increase 
its  resources,  as  he  would  have  the  state  and  the  nation  pro- 
tect and  improve  the  public  domain.  To  help  in  this  work  of 
making  Kansas  utilize  all  of  her  acres  to  the  best  possible 
purpose,  to  make  the  ravines,  hillsides  and  bends  of  the 
streams  produce  crops  for  which  they  are  best  suited  and  by 
which  they  may  add  to  the  wealth  and  welfare  of  their  owners 
and  the  state,  is  fche  object  of  the  office  of  state  forester. 

Acknowledgment  is  due  Mr.  H.  C.  Cooper,  who  was  in  charge 
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of  the  Dodge  City  Station  until  July,  1909,  for  his  effective 
work  in  improving  the  conditions  at  that  Station;  to  Mr.  F.  J. 
Turner,  who,  as  foreman  of  the  Ogallah  Station,  has  done  very 
efficient  work  in  improving  the  conditions  for  tlie  tree  plantar 
tions  there,  and  in  canning  out  the  directions  for  the  demoH- 
stration  work.  Acknowledgment  is  also  due  Assistant  Chris- 
tian Jensen,  who  has  been  in  charge  of  the  Dodge  City  Station 
since  July,  1909,  for  very  efficient  service  in  the  management 
of  that  Station,  and  also  in  the  collection  of  data  concerning 
tree  growth  in  western  Kansas,  and  in  preparing  plans  for 
various  courthouse  plantings  and  for  the  Reformatory  at 
Hutchinson. 
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Work  of  the  Agronomy  Department 

There  are  five  general  lines  of  work  in  progress  in  the  Agronomy  De- 
partment of  the  Experiment  Station,  besides  special  lines  of  investigation 
that  are  taken  up  from  time  to  time.  These  general  lines  are:  (1)  Va- 
riety testing  and  improvement  by  selection  of  all  farm  crops;  (2)  plant- 
ing and  cultural  tests  to  determine  the  best  .time  and  method  of  planting 
and  best  methods  of  preparing  the  soil  and  cultivation;  (3)  soil-fertility 
experiments,  including  physical  investigation  of  the  soil;  (4)  harvesting, 
curing  and  storing  all  kinds  of  farm  crops;  (5)  investigations  of  the  va- 
rious lines  and  kinds  of  farm  machinery. 

Bulletins  are  issued  from  time  to  time  on  these  subjects,  which,  with 
bulletins  from  other  departments  of  the  Station,  may  be  obtained,  free  of 
charge,  by  addressing  the  Director,  Experiment  Station,  Manhattan,  Kan. 


Other  Departments  of  the  Station  Are— 

ANIMAL  HUSBANDRY Roland  J.  Kinzer  in  charge. 

BOTANY  Herbert  F.  Roberts  in  charge. 

BACTERIOLOGY   ., Walter  E.  King  in  charge. 

CHEMISTRY Julius  T.  Willard  in  charge. 

DAIRY  HUSBANDRY   John  C.  Kendall  in  charge. 

ENTOMOLOGY Thomas  J.  Headlee  in  charge. 

HORTICULTURE Albert  Dickens  in  charge. 

VETERINARY  SCIENCE  Francis  S.  Schoenleber  in  charg?. 
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SPRING  GRAINS. 

The  first  step  in  crop  improvement  is  the  testing  of  vari- 
eties. Different  varieties  of  the  same  kind  of  grain  when 
grown  under  similar  conditions  vary  greatly  in  hardiness, 
yield  and  quality  of  product.  Of  the  several  hundred  varieties 
of  wheat,  oats,  barley  and  other  small  grains  which  have  been 
grown  in  comparative  trial  plots  at  the  Kansas  Experiment 
Station  during  the  last  seven  years,  only  a  few  varieties  in 
each  class  have  proven  superior  in  all  essential  points  so  that 
they  may  be  recommended  for  general  planting  in  the  state. 
Adaptation  is  the  factor  which  finally  determines  whether  a 
grain  may  be  successfully  grown  in  a  given  locality. 

I.— Test  of  Varieties. 

A  Test  op  Varieties  of  Oats. 

Forty-four  varieties  of  oats  have  been  tested  at  this  Station 
during  the  past  seven  years.  Most  of  these  were  grown  but 
two  or  three  years  and  discarded  because  of  their  inferiority. 
A  number  have  been  grown  continuously  for  five  or  seven 
years.  The  yields  and  other  data  for  thirteen  of  the  best  va- 
rieties are  given  in  table  I. 

The  table  shows  that  only  four  of  the  thirteen  varieties 
proved  of  sufficient  value  to  be  generally  recommended  for 
planting  in  this  state — ^the  Red  Texas,  Sixty-day,  Kherson, 
and  Burt.  Such  varieties  as  the  Minnesota  No.  202,  Silver- 
mine,  Early  Champion,  White  Russian  and  Swedish  Select 
may  be  grown  with  more  or  less  success  in  the  northeastern 
counties  of  the  state,  but  even  in  these  counties  the  Kherson 
should  be  the  preferred  variety,  since  it  has  also  proven  to  be 
one  of  the  best  producing  varieties  at  the  Nebraska  and  Iowa 
experiment  stations. 

Description  and  Adaptation  of  Varieties. 

Improved  Red  Texas.  This  is  the  highest  yielder,  average 
for  seven  years  being  44.03  bushels  per  acre.  It  is  best 
adapted  for  growing  in  the  central,  south-central  and  south- 
eastern portions  of  the  state. 
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Plate  L     General  view  of  experimental  field  plots,  with  Collesre  buildinsrs  in  background. 

Sixty-day.  Ranks  second  in  yield,  and  for  seven  years 
averaged  43.93  bushels  per  acre;  a  hardy  variety  and  good 
drouth  resister.    Recommended  for  western  Kansas. 

Kherson.  Ranks  third  in  yield  for  seven  years,  averaging 
42.5  bushels  per  acre ;  reported  as  the  best  producing  variety 
in  Nebraska  and  Iowa,  and  well  adapted  for  northern  and 
northeastern  Kansas. 

Burt.  One  of  the  earliest  maturing  varieties,  average  yield 
for  five  years  being  41.39  bushels  per  acre;  very  hardy  and  a 
drouth  resister.    Recommended  for  western  Kansas. 


Platb  n.    A  comparative  test  of  oats  in  one-tenth-acre  plots. 
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Relative  Value  of  Different  Varieties  of  Oats  for  Feeding, 
The  value  of  oats  for  feeding  is  determined  by  the  relative 
percentage  of  hulls  and  kernel.   (See  table  II.) 

In  this  comparative  test  the  White  Russian  variety  con- 
tained the  lowest  percentage  of  hulls  and  highest  percentage 
of  kernels.  However,  the  four  best  producing  varieties — ^Red 
Texas,  Kherson,  Sixty-day,  and  Burt — also  contained  a  rela- 
tively high  percentage  of  kernels,  which  indicates  relatively 
high  feeding  value.  The  hardiness  and  productiveness  of 
these  varieties  make  them  the  more  profitable  ones  for  grow- 
ing in  this  state. 

A  Test  of  Varieties  op  Barley. 

Thirty-two  varieties  of  spring  barley  have  been  tested  in 
trial  plots  at  this  Station  during  the  past  seven  years.  The 
yields  and  other  data  for  ten  of  the  best  producing  varieties  is 
given  in  table  III.  For  comparison  the  yields  of  spring  wheat, 
spring  and  winter  emmer,  winter  rye,  winter  wheat  and  win- 
ter barley  are  also  given  in  table  III. 

The  Mansury  six-row  bearded  barley  ranks  above  all  other 
varieties  in  yield.  The  HuUess  barley  has  been  an  inferior 
yielder,  while  the  Beardless  variety  has  not  produced  as  high 
a  yield  or  as  good  a  quality  of  grain  as  the  better  producing 
bearded  varieties.  Comparing  the  yields  of  the  highest  pro- 
ducing varieties  of  oats  and  barley,  it  is  seen  that  the  barley 
has  outyielded  the  oats.  The  average  annual  yields  for  seven 
years,  in  pounds,  compare  as  follows :  Oats,  1409  pounds  per 
acre;  barley,  1666  pounds  per  acre. 

Table  IL    CompariBon  of  husk  and  kernel  in  oats  and  emmer.  crop  of  1909. 
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Platb  III.     Testing  varieties  of  barley  in  one- tenth-acre  plots. 

The  Tennessee  winter  barley  has  yielded  15i  bushels  more 
grain  per  acre  for  five  years  than  the  best  producing  variety 
of  spring  barley,  while  the  spring  emmer  has  yielded  an  aver- 
age of  ten  bushels  per  acre  less  than  the  Mansury  barley. 
Spring  wheat  has  been  an  inferior  producer  compared  with 
barley,  oats  and  emmer.  The  Durum  has  yielded  fifty  per  cent 
better  than  the  ordinary  spring  wheat. 

Winter  wheat  and  winter  rye  have  produced  more  bushels 
and  more  pounds  of  grain  per  acre  than  any  of  the  other 
grains.  The  average  yields  for  five  years  of  the  highest  pro- 
ducing varieties  in  each  class  compare  as  follows:  Winter 
wheat,  2647  pounds;  winter  rye,  2460  pounds;  winter  barley, 
2461  pounds;  spring  barley,  1756  pounds;  oats,  1632  pounds; 
emmer,  1189  pounds;  Durum  spring  wheat,  724.2  pounds,  per 
acre,  respectively. 

The  winter  varieties  of  emmer  and  speltz  have  outyielded 
the  spring  varieties  during  the  years  in  which  comparative 
trials  have  been  made,  as  shown  in  table  III. 

Description  and  Adaptation  of  Varieties. 

Improved  Mansury.  Six-rowed  bearded  type,  medium 
early;  best  producing  variety  in  seven  years'  trial;  average 
yield,  34.7  bushels  per  acre.  Best  adapted  for  eastern  and 
central  Kansas. 

Improved  Bonanza.    Similar  to  Mansury  in  type  and  yield- 
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ing  qualities  and  adaptation  for  growing;  average  yield  for 
seven  years^  32.49  bushels  per  acre. 

Six-rowed  Ellis.  Bearded  type,  good  yielder;  average  for 
five  years,  28.58  bushels.  Seed  from  Fort  Hays  Branch  Sta- 
tion, Hays,  Kan.    Adapted  for  growing  in  western  Kansas. 

Stavropol.  Six-rowed  bearded  type;  one  of  the  earliest 
maturing  varieties  and  a  good  producer.  Recommended  for 
western  and  south-central  Kansas.  Average  yield  for  five 
years,  34.95  bushels  per  acre. 

Success  Beardless.  Six-rowed  barley,  without  beards. 
Adapted  to  all  parts  of  the  state;  not  so  hardy  and  a  little  less 
productive  than  the  best  bearded  varieties.  Average  yield  for 
seven  years,  28.69  bushels  per  acre. 

Emmer.  Spring  emmer  may  take  the  place  of  barley  or  oats 
as  stock  feed,  and  may  be  somewhat  more  hardy  and  more 
drouth  resistant  in  central  and  western  Kansas.  Emmer  ma- 
tures later  than  barley  or  oats,  hence  it  is  more  likely  to  be  in- 
jured by  hot  weather.  Sow  about  three  bushels  of  emmer 
per  acre. 

Spring  Wheat.  The  tests  of  spring  wheat  indicate  that 
it  is  not  a  profitable  crop  to  grow  at  this  Station.  It  is  better 
adapted  to  the  northern  and  northwestern  portions  of  the 
state.  The  Durum  should  be  preferred  above  other  varieties 
of  spring  wheat  for  western  Kansas,  while  for  the  northeast- 
em  part  of  the  state  the  hard  red  spring  wheat  of  the  Fife  or 
beardless  type  may  succeed  about  as  well  as  the  Durum,  and 
is  preferred  as  a  miUing  wheat. 

II.— Improvement  of  Small  Grains  by  Selection 
and  Breeding. 

The  testing  of  varieties  is  necessarily  an  important  factor 
in  crop  improvement,  in  order  to  learn  which  are  best  for 
planting  under  certain  climate  and  soil  conditions.  The 
Agronomy  Department  is  breeding  by  the  "head-row"  method 
eight  varieties  of  winter  wheat,  five  varieties  of  oats,  four  of 
barley,  and  one  or  more  varieties  each  of  spring  wheat,  emmer 
and  winter  rye.  Thirteen  hundred  and  forty  separate  head 
rows  were  planted  in  1909.  The  work  with  most  of  these  va- 
rieties has  not  progressed  far  enough  to  produce  pedigreed 
seed  in  quantity  for  distribution. 
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The  yield  secured  from 
"head  rows''  indicates 
that  certain  individuals 
have  much  greater  pro- 
ductive capacity  than 
others  of  the  same  vari- 
ety. Foij 
head-row' 
wheat  iijiP 
highest 
row"  out  I 
349  per 
than  the  I 
ing  "head  row,"  and  46 
per  cent  more  than  the 
average  yield  from  the 
fifty  "head  rows"  in  the 
test. 

The  head-row  breeding 

work  with  oats  and  bar- 

T.r    »    ..     u  .         ,  ^  .         .       l^y  has  given  similar  re- 

Platb  IV.     Breeding  head  row8  of  Crimean  wheat.  _ ,  _  ,       ,        i.    ^  •• 

suits.  In  a  test  of  fifty 
heads  of  Red  Texas  oats,  in  1909,  the  highest  yielding  row, 
No.  3,  yielded  298.25  grams  of  grain,  while  the  lowest  yielding 
row,  No.  44,  produced  80.5  grams.  The  average  yield  of  the 
fifty  rows  was  210.6  grams.  The  highest  jrielding  row  pro- 
duced 270  per  cent  more  grain  than  the  lowest  yielding  row, 
and  42  per  cent  more  grain  than  the  average  yield  of  all  the 
head-test  rows. 

The  1909  head-row  test  of  Mansury  barley  gave  a  variation 
in  yields  ranging  from  62  grams  per  row  to  299  grams  per 
row.  The  average  yield  for  the  thirty  rows  in  the  test  was 
208.2  grams,  or  the  highest  yielding  row  produced  382  per  cent 
more  grain  than  the  lowest  producing  row,  and  44  per  cent 
more  grain  than  the  average  of  the  head  test.  The  range  in 
yield,  height  at  maturity  and  the  number  of  plants  harvested 
for  each  of  these  rows  is  shown  in  table  IV.  It  should  be  ob- 
served also  that  there  was  a  marked  variation  in  the  quality 
of  the  grain  produced  by  different  "head  rows."  The  quality 
and  hardiness  of  the  plants  are  considered  as  well  as  the  jrield 
in  making  breeding  selections  for  further  propagation. 
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Platb  v.     Breeding  head  rows  of  Kherson  oats. 

Some  forty  of  the  best  head-row  selections  of  winter  wheat 
were  planted  last  fall  (1909),  in  one-tenth-acre  plots,  for 
propagation  and  comparative  testing,  and  a  number  of  one- 
tenth-acre  plots  from  the  head-row  selections  of  barley,  oats 


Tablb  IV. 

Data  from  head  tost    No.  721  ICansury  barley. 
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- 

17 

229.86 

18 

206.86 

19 

196.86 

20 

149.86 

21 

261.86 

22 

266.86 

23 

180.85 

24 

290.86 

10 

26 

169.86 

U 

26 

27 

238.02 

12 

260.02 

18 

28 

288.62 

14 

29 

299.02 

16 

80 

101.00 
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Plate  VL     Propagation  rowB  of  pedigreed  oats.     First  year  after  head  test 

and  other  grains  will  be  planted  this  spring  (1910).  In  two 
or  three  years  sufficient  seed  of  these  improved  strains  should 
be  produced  to  supply  a  limited  demand  throughout  the  state. 

The  seed  grain  distributed  by  the  Agronomy  Department 
up  to  the  present  time  has  been  largely  purified  samples  of  the 
better  producing  varieties.  The  seed  of  Improved  Red  Texas 
oats,  Selected  Mansury  and  Selected  Bonanza  barley  was  se- 
cured by  selecting  a  large  number  of  good  heads  from  the  field, 
threshing  the  grain  of  these  selected  heads  separately  and 
planting  in  separate  plots,  from  which  seed  was  secured  for 
further  propagation.  This  general  selection  has  produced 
some  improvement  over  the  original  seed,  as  shown  by  the 
experiments  with  barley. 

These  selected  strains  of  barley  have  been  planted  in  test 
plots  for  three  successive  seasons  in  comparison  with  the  orig- 
inal variety  from  which  the  selection  was  made.  The  3delds 
and  other  data  for  the  three  selected  strains  of  barley,  com- 
pared with  the  original  and  average  samples,  are  given  in 
table  V. 

In  each  case  the  selected  or  improved  strain  has  given  a 
larger  yield  than  the  original  seed,  the  Selected  Mansury  hav- 
ing produced  a  total  of  fourteen  bushels  more  barley  per  acre 
in  the  three  years  than  the  original  Mansury.  Similar  figures 
may  be  given  for  oats  and  for  corn.  No  similar  comparative 
tests  with  winter  wheat  have  yet  been  made,  but  selections  are 
now  planted  as  stated  aj^ove. 
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III.— Distribution  of  Improved  Seed  Grain. 

The  seed  of  the  better  producing  varieties  which  the  Agron- 
omy Department  has  distributed  is  superior  to  the  average 
seed  which  the  farmers  are  growing,  and  the  selected  or  im- 
proved strains  are  superior  even  to  the  original  seed  of  the 
best  producing  varieties,  as  indicated  by  the  comparative  tests 
which  have  already  been  made.  The  seed  which  the  Experi- 
ment Station  will  distribute  in  the  future  will  be  largely  from 
the  selected  and  pedigreed  strains. 

The  seed  distribution  work  was  begun  in  1904,  but  only  a 
small  quantity  of  seed  was  distributed  in  1904  and  1905.  The 
following  is  a  brief  summary  of  the  number  of  bushels  of  seed 
distributed  of  each  of  the  standard  crops : 


Kind  op  Crop. 

Bushels  of  seed  distributed  yearly. 

1904. 

1905. 

1906. 

1907. 

1908. 

1909. 

Total 

Winter  wheat. 

82.0 

174.9 
6.0 

1.238.2 
253.4 

1,726.6 
162.0 

768.6 

188.4 

6.0 

75.8 

6.0 

18.0 

78.0 

844.8 

168.0 

16.8 

24.8 

12.0 

1.268.1 

70.8 

28.2 

266.6 

12.0 

16.8 

UO.O 

714.7 

262.0 

86.6 

28.3 

9.7 

14.6 

1.6 

0.6 

6.224.0 

Winter  barley. 

674.0 

Winter  rye. 

83.2 

Oata 

22.0 
5.5 
2.0 

0.8 
24.0 
12.0 

276.7 
46.0 

889.6 
49.8 

i.on.2 

Sprinff  barl^ 

142.8 

Bnuner 

42.8 

Cane 

69.0 
661.7 
217.0 

257.6 

Com 

40.2 

294.5 

422.7 
29.0 

2.878.0 

Kafir. 

676.0 

Milo  maize 

61.8 

0.5 
68.6 

8.9 
16.0 

68.6 

Soy  beans . . , ,. 

28.0 

28.5 

12.7 

28.6 

1.0 

181.2 

Cowpfwa 

86.1 

10.6 
6.8 
4.2 

66.6 

MiUet , 

7.8 

Bnwnus  inermis 

'0.5 

4.7 

Totals, 

126.5 

511.0 

2.360.0 

3.241.0 

1.716.0 

2,846.7 

10.796.0 

These  seeds  were  sold  at  a  good  price,  and  have  been  in 
great  demand.  The  work  has  been  well  appreciated  by  the 
farmers,  very  few  unfavorable  reports  having  been  received 
from  the  growers  of  the  "College-bred"  seed.  Often  farmers 
report  yields  of  25  to  30  per  cent  above  that  secured  from  un- 
improved home-grown  seed  planted  in  the  same  field  or  in  ad- 
jacent fields.  There  is  little  question  but  that  the  sale  and  dis- 
tribution of  well-bred  seed  of  these  better  producing  varieties 
will  have  a  marked  influence  in  increasing  the  jrield  and  im- 
proving the  quality  of  our  several  standard  grain  crops,  espe- 
cially wheat  and  com. 

In  the  judgment  of  the  writer  this  work  is  of  vast  impor- 
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Plate  VII.     A  field  of  Tennessee  winter  barley  on  Experiment  Station  farm  in  1906. 
Yield,  66  bushels  per  acre. 

tance  to  the  state.  The  improvement  of  crops  by  breeding  and 
selection  is  primarily  the  work  of  the  Experiment  Station,  and 
the  Experiment  Station  should  be  the  source  or  first  dis- 
tributer of  well-bred  seed.  The  general  farmer  cannot  well 
undertake  the  improvement  of  crops  by  these  expensive  breed- 
ing methods,  although  he  may  grow  the  high-bred  seed,  and 
thus  become  a  further  distributer  of  improved  seed  grain. 


Platb  Vin.     A  field  of  pure-bred  Ghirk  wheat  on  Asrricultural  College  farm.     Crop  of 
1909.     Yield.  62  bushels  per  acre. 
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A  Quantitative  Method  for  the  Determination 
of  Hardness  ia  Wheat 

By  H.  F.  Roberts. 

SUMMARY. 

1.  The  present  bulletin  gives  an  account  of  an  apparatus 
designed  to  determine  quantitatively,  in  terms  of  the  mean 
crushing-point  of  the  kernel,  different  degrees  of  hardness  in 
wheat ;  this  factor,  or  rather  combination  of  factors,  being  con- 
sidered indicative  of  superior  milling  quality  ip  wheat  of  the 
Triticum  vulgare  types. 

2.  The  ulterior  purpose  of  this  investigation  is  to  establish 
a  laboratory  method  for  determining  the  relative  hardness  of 
pure  strains  of  wheat;  and  finally  to  ascertain  the  degree  of 
correlation  existing  between  the  hardness  of  the  kernel  and 
the  chemical  and  physical  characters  of  the  gluten. 

3.  The  present  investigation  involves  the  determination  of 
the  necessary  number  of  kernels  of  wheat  which  must  be  used 
in  order  to  arrive  at  a  sufficiently  correct  average  mean  crush- 
ing-point for  any  given  pure  strain  or  variety. 

4.  It  has  been  ascertained  by  a  thorough  investigation  of 
two  pure  strains  of  wheat,  the  one  hard,  the  other  soft,  that 
a  correct  average  or  mean  crushing-point,  accurately  express- 
ing in  grams  the  degree  of  hardness  of  the  particular  races 
under  investigation,  was  reached  by  taking  the  mean  of  the 
crushing-points  of  350  kernels.  Manifestly,  quantitative  esti- 
mates of  hardness  in  any  given  pure  strain  of  wheat  will  vary 
somewhat  with  the  season  and  the  locality. 

5.  The  perfect  concordance  of  the  results  of  the  experi- 
ments with  the  two  strains  of  wheat  chosen,  Nos.  1115  and 
1112,  which  have  mean  crushing-points  of  6817  grams  and 
11,802  grams,  respectively,  for  a  total  of  2700  kernels  each, 
indicates  that  the  facts  disclosed  by  the  investigations  are 
probably  general. 

METHODS  OP  DETERMINATION. 

To  practical  men  of  long  experience  in  buying  wheat  of 
milling  grades  in  the  market,  the  present  rough  system  of 
grading  wheat  is  no  doubt  easy  of  exact  application  to  par- 
ticular cases. 

(371) 
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In  our  work  in  wheat  breeding,  however,  at  the  Kansas 
State  Agricultural  College  and  Experiment  Station,  it  be- 
came necessary  for  scientific  purposes  to  develop  an  exact  and 
quantitative  method  for  determining  degrees  of  hardness  in 
the  wheat  grain.  It  was  found  that  no  existing  type  of  appa- 
ratus would  in  any  way  answer  the  purpose,  and  that  it  was. 
therefore  necessary  to  devise  and  construct  one  especially  in- 
tended for  this  work.  After  some  preliminary  experiments, 
an  instrument  was  designed  with  the  aid  of  Mr.  Wm.  Gaertner, 
of  Chicago,  to  whose  ingenious  and  skillful  assistance  we  are 
much  indebted.  This  grain  crusher,  as  illustrated  in  plate  I,. 
has  been  in  constant  use  in  our  wheat  investigations  for  the 
past  two  years,  and  has  proved  entirely  successful  and  satis- 
factory in  its  operations.  The  new  model  of  the  machine, 
which  embodies  some  needed  improvements,  is  now  to  be  had 
of  Wm.  Gaertner  &  Co. 

The  principle  upon  which  the  instrument  depends  for  its. 

PLATE  I. 
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construction  is  that  of  a  lever  in  which  the  forces  are  located 
on  the  same  side  of  the  fulcrum.  A  table  T  supports  a  lever 
arm  L,  balanced  on  a  knife-edge  at  6  by  a  counter  weight,  w, 
which  is  adjustable  along  an  arm,  a.  A  carrier  C  which  is 
removable  runs  on  the  top  of  the  lever  arm  as  a  track  upon 
four  flanged  wheels.  A  sliding  rack  arm  r,  running  in  a  sleeve 
s,  and  actuated  by  a  pinion  set  in  motion  by  the  revolution  of 
the  dial  D,  forms  a  connection  beneath  with  the  carrier  C. 
The  revolution  of  the  dial  D  by  the  hand  slides  the  carrier  thus 
out  along  the  track  of  the  lever  arm  L,  which  bears  a  scale 
graduated  to  tenths  and  hundredths.  At  the  end  of  the  lever 
arm  is  a  hanger  H,  which  rests  upon  it  with  a  knife-edge  bear- 
ing surface.  At  the  base  of  this  hanger  is  a  plate  with  an  up- 
right pin,  on  which  perforated  weights  are  strung.  At  R, 
fastened  to  the  under  side  of  the  hanger  end  of  the  lever  arm, 
is  a  ram  or  hammer  which  crushes  the  grains  in  succession, 
the  latter  lying  in  the  pans  P  of  the  turntable  or  capstan  Tt, 
which  is  revolved  on  ^  notched  gear  by  means  of  spokes  un- 
derneath the  turntable  (in  the  first  model  above  it) . 

The  weights  are  of  brass,  calibrated  by  the  United  States 
Bureau  of  Standards,  and  are  in  1,  2  and  5  kilogram  pieces. 

The  grains  to  be  tested  are  first  dried  for  seven  days  (in  our 
our  practice) ,  at  the  boiling  point  of  water,  in  the  usual  weigh- 
ing bottles  employed  in  analytical  work,  and  which  are  then 
kept  in  a  desiccator  while  the  work  is  in  progress.  The  grains 
are  laid  one  at  a  time  on  the  pans  of  the  turntable,  care  being 
taken  to  place  each  grain  in  the  same  position  (with  the  groove 
or  crease  down).  Weights  (preferably  to  nine  kilograms  for 
hard  wheats)  are  mounted  on  the  carrier  C,  which  itself,  de- 
tached, weighs  a  kilogram.  The  lever  arm  L,  which  is  bal- 
anced before  being  weighted,  is  prevented  from  descending 
with  the  pull  of  the  weighted  hanger  by  means  of  a  short  lever 
at  B,  which  operates  on  an  eccentric  brake.  In  operation  the 
brake  is  slowly  released  after  the  machine  has  been  weighted 
and  the  grain  to  be  crushe4  has  been  brought  into  position. 
The  ram  R  is  thus  carefully  and  gently  brought  to  rest  upon 
the  upper  surface  of  the  kernel.  The  weighted  carrier,  which 
is  at  O  on  the  lever  arm  scale,  is  now  slowly  moved  out  along 
its  track  by  means  of  the  rack-and-pinion  gear  mentioned,  set 
in  motion  by  revolving  the  disc  D.  By  this  means  a  constantly 
augmenting  increment  of  weight  is  brought  to  bear  upon  the 
kernel,  which  finally  gives  way  suddenly  when  the  strain  be- 
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comes  too  great.  The  crushing-point  thus  ascertained  is  the 
sum  of  the  weight  on  the  hanger  arm,  which,  as  it  is  brought 
to  bear  immediately  over  the  kernel,  is  read  directly,  plus  the 
fraction  in  lOths  and  lOOths  of  the  carrier  weight,  as  read  off 
on  the  lever  arm  scale.  Thus,  if  the  carrier  weight  (as  we  use 
it)  amounts,  with  the  carrier  itself  included,  to  10  kilograms, 
and  the  grain  when  crushed  finds  the  carrier  pointer  P  at  7.2 
on  the  lever  arm,  the  pressure  or  weight  which  the  ram  R 
exerts  on  the  kernel  due  to  the  influence  of  the  carrier  weight 
is  .072  of  10  kilograms  at  that  point,  or  7.12  kilograms.  By 
loading  to  10  kilograms  therefore  the  carrier  weight  can  be 
read  directly  on  the  lever  scale.  With  an  odd  number,  such 
as  5  or  7  kilograms  weight,  the  process  in  the  case  given  of 
determining  ^  would  be  tedious  and  time  consuming.  We 
therefore  in  our  work  with  wheat,  for  which  a  combined  car- 
rier and  hanger  load  of  15  kilograms  is  usually  sufficient,  load 
the  carrier  constantly  to  10  kilograms,  and  increase  the  weight 
further  if  necessary  before  moving  the.  carrier  out.  The  dial 
D  is  graduated  also  to  lOths  and  lOOths  of  its  circumference, 
in  such  manner  that  10  spaces  on  the  dial  in  revolution  move 
the  carrier  pointer  over  one  space  on  the  lever  arm  scale.  The 
dial  thus  reads  in  its  smallest  subdivisions  to  grams,  in  terms 
of  the  increasing  pressure  of  the  carrier  weight  due  to  its  rev- 
olution. 

The  machine  above  described  and  figured  is  now  in  its  second 
model,  and  has  been  thoroughly  tested  in  our  work  of  grading 
pure-bred  wheats  on  a  scale  of  hardness.  In  general,  we  find 
that  "soft"  wheats  crush  under  a  pressure  of  6000  grams  or 
less  (13  pounds),  "semi-hard"  wheats  at  about  9000  grams 
(20  pounds),  and  "hard"  wheats  at  12,000  grams  and  over 
(26  pounds  and  over) . 

It  immediately  became  a  question,  after  a  series  of  prelimi- 
nary tests,  as  to  how  many  kernels  it  might  be  necessary  to 
crush  in  order  to  arrive  at  an  approximately  correct  aver- 
age estimate  of  the  hardness  of  the  race  of  wheat  under  ex- 
periment. To  this  end  two  pure  strains  were  selected — one. 
No.  1115,  a  soft  wheat,  and  another,  No.  1112,  a  hard  strain. 

From  each  of  these  races  2700  kernels  were  taken  at  ran- 
dom, and,  after  having  been  dried  for  seven  days  at  the  boil- 
ing point  of  water,  were  crushed  in  succession ;  the  crushing- 
point  in  grams  for  each  kernel  being  recorded  separately. 
With  the  data  thus  obtained  a  series  of  groups  was  formed  by 
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taking  seriatim,  and  consequently  without  selection,  the  data 
of  the  crushing-points  as  variates,  thrown  into  nine  successive 
groups,  containing  in  each,  respectively,  100,  150,  200,  250, 
and  so  on  up  to  500  variates.  In  this  manner  no  single  va- 
riate  was  used  twice,  and  the  means,  standard  deviations  and 
errors  of  the  means  were  calculated  for  each  of  the  nine 
groups  in  the  case  of  each  of  the  two  strains  under  experi- 
ment. 

From  the  above  data  it  was  anticipated  that  a  plotting  of 
the  errors  of  the  mean  crushing-points  for  successively  in- 
creasing groups  of  variates  might  throw  light  on  the  minimum 
number  of  variates  necessary  to  be  crushed  in  order  to  arrive 
at  a  sufficiently  correct  mean  crushing-point  for  any  race  of 
wheat. 

In  the  case  of  No.  1115,  for  which  the  calculations  were  first 
made,  the  deviations  from  the  mean  were  first  taken  as  origi- 
nally determined  in  grams.  In  the  case  of  so  many  groups 
with  such  a  large  number  of  variates  in  most  of  them,  and 
with  all  of  the  data  expressed  in  thousands  of  grams,  the  re- 
duction of  the  data  became  excessively  tedious.  However,  the 
standard  deviations  and  errors  of  the  mean  were  calculated 
for  the  entire  nine  groups  of  No.  1115,  using  the  data  of  the 
crushing-points  exactly  as  found  in  grams.    For  comparison, 

TABLE  I. 
Wheat  No.  1115.     Constanta  for  2700  kernels. 


Oroopc  of 
wmximteB. 


A.— Cnishing-poinU  of  varimtee  in 
ffnuns. 


Meftn 

cruBh- 

inflr- 

point 


Groap     I 

t 
100 

II 

150 

"      III 

200 

"       IV 

250 

V 

300 

"      VI 

350 

•'     VII 

400 

••   VIH 

450 

••      IX 

500 

7035 
7062 


6943 
6852 
6658 
6560 
6199 
6764 


Error 
of 


cnish- 

inflr- 

polnt 

Cerms.) 


72.12 
63.71 
51  34 
56.93 
45.67 
41.43 
42.90 
35.35 
38.37 


Standard 
deviation 
(fframs). 


Error 
of 

stand- 
ard 

devia* 
tion 

(ffms.) 


1069.32 
1156  85 
1076.55 
1334.55 
1172.91 
1149.15 
1-272.10 
1111.86 
1271.89 


51.00 
45.05 
36.31 
40.56 
32.30 
29.30 
30.34 
25  00 
27.13 


B.— Crushingr-points  of  variates 
inlciloe. 


Mean 
crush- 
in  flr- 
point 
(kilos). 


7.00 
7.10 
7.00 
6.90 
6.80 
6.60 
6.50 
6.50 
6.71 


Error  of 
mean 
crush- 
in  flr- 
point 
(Itilos). 


0.0729 
0.0638 
0.0532 
0.0571 
0.0462 
0.0377 
0.0434 
0.0351 
0.0367 


Stand- 
ard de- 
viation 
(kilos). 


1.0802 
1.1587 
1.1155 
1.3378 
1.1873 
1.1558 
1.2881 
1.1059 
1.2159 


Error  of 
standard 

devia* 
tion 

(kilos). 


0.0515 
0.0451 
0.0h76 
0.0404 
0  0327 
0  0295 
0.0307 
0.02J-2 
0.0259 


Note. — Multiplying  the  data  under  "B"  by  1000,  the  close  correspond- 
ence of  the  constants  calculated  from  the  crushing-points  expressed  in 
kilos  and  tenths  of  kilos,  with  those  calculated  from  the  data  as  originally 
determined  in  grams,  will  be  readily  seen. 
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TABLE  II. 
Wheat  No.  1112.    ConstanUfor  2700  kernels. 


3-.? 

u 

CruBhinff-points  at  variatM  (reduced  to  kiloe  and  tenths  of  kilos) . 

Gronpsof 

TWUtM. 

Mean 

crashinc-point 

Ocitos). 

Brrorof 

mean 

erushfnff-point 

Standaid 

deviation 

(kik»). 

Bnor 

of  standard 

deviation 

acik»i. 

Group     I... 

100 

123 

0.1398 

2.0729 

0.0989 

"       II... 

150 

11.7 

0.1234 

2  2403 

0.0872 

"      III... 

200 

11.7 

0.1107 

2.3215 

0.0774 

"      IV... 

250 

11.5 

0.1078 

2  5259 

0.0762 

V... 

300 

11.9 

0.0880 

2.2596 

00622 

"      VI... 

850 

11.8 

0.0846 

2  3481 

0.0598 

"     VII... 

400 

11.8 

0.0856 

2.5380 

0.0605 

"  VIII... 

450 

10.6 

0  0854 

2.6860 

0.0604 

"      IX... 

500 

12  0 

0  0716 

2  3731 

-    0.0506 

however,  a  second  calculation  was  made,  reducing  the  crush- 
ing-points from  grams  to  kilos  and  tenths  of  kilos,  which  was 
found  to  materially  diminish  the  labor  without  impairing  the 
value  of  the  results.  This  method  was  therefore  followed  in 
the  case  of  No.  1112,  in  which  the  data  were  reduced  to  kilos 
and  tenths  for  purposes  of  computation. 

It  then  became  a  question  as  to  how  many  kernels  it  would 
be  necessary  to  crush  in  order  to  arrive  at  the  best  expression 
of  the  mean  crushing-point  of  a  given  pure  strain,  and  thereby 
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PLATE  n.    MEAN  CRUSHING-POINTS 

Of  2700  kernels  of  wheat  Na  1116.  in  fframa.  as  detarmined  for  nine  groups  of  Tariates  con- 
taining numbers  inareasinsr  by  60  in  each  ffroup.  from  100  to  600  variates.  Abscissce  denote 
the  nmnbers  of  yariatee  in  the  ffroaps.  Ordinatas  denote  the  cmshinff-points.  in  snma.  of 
the  croups.    Ekiuation:  jr «— 1.48x-feT96. 
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PUkTB  m.    MEAN  CRUSHING-POINTS 

Of  270D  kernels  of  wheat  No.  1116,  in  kOofframs.  as  determined  for  nine  ffroapi  oontainins^ 
numbers  increasinir  by  GO  in  each  sroap.  from  100  to  600  Tariates.  Abscisaw  denote  the 
numbers  of  the  variates  in  the  ffroupa.  Ordinates  denote  the  crushinc-points.  in  kilograms, 
of  the  groups. 
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PLATE  IV.     MEAN  CRUSHING-POINTS 

Of  2700  kernels  of  wheat  Na  1112,  in  kilograms,  as  determined  for  nine  groups  eontainiag 
numbers  increasing  by  60  in  each  group,  from  101  to  500  variates.  Abscissas  denote  the 
numbers  of  the  variates  in  the  groups.  Ordinates  denote  the  crushing-points,  in  kilograms, 
of  the  groups.    Equation :  y  -  -0.008422  X  +12.642. 
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of  its  hardness  for  grading  purposes.  By  taking  the  means 
of  increasingly  large  groups  of  variates  as  described  above, 
and  by  calculating  the  error  of  the  mean  for  each  group,  it  was 
anticipated  that  the  decrease  in  the  error  of  the  mean,  with 
the  increasing  numbers  of  the  variates  used,  would  be  the  best 
possible  criterion  for  the  least  number  of  variates  necessary 
to  be  used  in  determining  the  mean  crushing-point  of  the  race. 

Taking  the  two  pure  strains — No.  1115,  a  soft  wheat,  and 
No.  1112,  a  hard  or  semi-hard  wheat — ^2700  kernels  were 
crushed  in  the  manner  previously  described.  Plotting  the 
mean  crushing-points,  we  have  the  following  curves.  Plate  II 
shows  the  mean  crushing-points  of  No.  1115  plotted  in  grams, 
as  the  data  were  originally  obtained.  Plate  III  shows  the 
same  data  arranged  and  plotted  in  kilos.  Plate  IV  shows  the 
mean  crushing-points  for  No.  1112,  which,  although  originally 
determined  in  grams,  were  plotted  in  kilos. 

The  following  table  gives  the  means  of  the  nine  groups  of 
both  1115  and  1112,  as  actually  determined  in  grams,  and  also 
as  reduced  to  kilos,  for  purposes  of  comparison. 

TABLE  III. 


Groups  of 
vmriates. 

No.  1115. 

Mean  crushinff- 

pointain 

Na  1116. 

M«an  cruBhinfiT- 

points  reduced 

to  kilos  and 

No.  1112. 

Mean  crushinir- 

points  in 

No.  1112. 

Mean  cmahins- 

points  reduoad 

to  kites  and 

tenths  of  kilos. 

fframs. 

tenths  of  kiloa. 

Group    I 

100 

7,085 

7.00 

12,277 

12.3 

••        II 

150 

7.062 

7.10 

11.706 

11.7 

'*      III 

200 

6,981 

700 

11.738 

11.7 

•'     IV 

250 

6.943 

6.90 

11.496 

11.6 

V 

300 

6,852 

6.80 

11,925 

n  9 

"      VI 

350 

6,658 

6  60 

11,772 

11  8 

"    VII 

400 

6.560 

6.50 

11,808 

11.8 

'*  VIII 

450 

6,499 

6.50. 

10.496 

10  5 

'*      IX 

500 

6,764 

6.70 

12,000 

12  0 

No.  1115  is  a  derivative  of  a  selection  made  in  1906  of  a 
single  head  from  a  plot  of  our  No.  611,  called  "Turkey,"  and 
received  originally  from'  the  United  States  Department  of 
Agriculture  (U.  S.  Dept.  No.  1676) .  It  is  a  bearded  wheat 
with  white  glumes,  of  the  general  "Turkey"  type.  No.  1112 
is  a  derivative  of  a  selection  also  made  in  1906  of  a  single  head 
from  a  plot  of  our  No.  609,  also  called  "Turkey,"  and  also  re- 
ceived originally  from  the  United  States  Department  of  Agri- 
culture (U.  S.  Dept.  No.  1658).  It  is  a  wheat  of  the  bearded 
type,  with  red  glumes. 
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It  will  be  noted  from  plate  II  that  the  mean  crushing-point 
regularly  falls  from  7000  to'  6500  grams  in  the  progression 
from  the  group  containing  100  to  that  containing  450  variates. 
However,  the  group  500  shows  an  astonishing  rise  to  a  mean 
of  6764  grams.  This  deflection  from  the  straight  line  curve 
to  which  the  remaining  moments  readily  plot  will  be  discussed 
later. 

Plate  III,  in  which  the  same  data  exhibited  in  plate  II  are 
plotted  in  kilos  and  round  tenths,  instead  of  in  grams,  reduces 
the  irregularities  in  the  central  portion  of  the  curve. 
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PLATE  v.    ERRORS  OF  THE  MEAN  CRUSHING-FOINTS 

Of  nine  ffroups  of  kernels  taken  from  pediffree  wheat  No.  1115  (a  loft  variety),  with  pk>t- 
tins  ot  the  theoretical  carve  to  the  eqnation  y  "  706. 7z  —0.48. 

AbeciauB  indicate  the  experimental  ffroupe  with  increasing  numbers  of  variates. 

Ordinates  indicate  the  errors  of  mean  crushins-points,  in  flrrams. 

The  heavy  unbroken  line  joins  the  experimentally  determined  data. 

The  dotted  curve  beyond  600  denotes  the  theoretical  plotting  to  the  equation. 

In  plate  IV  the  ordinates,  for  convenience  in  plotting,  are 
on  a  scale  of  1 :0.5  kilos,  while  in  plates  II  and  III  the  ordi- 
nates are  plotted  to  a  scale  of  1 :0.1  kilos.  Plotted  to  the  same 
scale  as  plates  II  and  II,  the  irregularities  in  the  curve  of 
No.  lil2  as  compared  with  No.  1115  would  have  been  very 
much  more  pronounced.  It  will  suffice  here  to  call  attention 
to  the  same  marked  rise  in  the  mean  crushing-point  of  the  500 
group  of  No.  1112  (in  comparison  with  the  450  group)  as  was 
seen  in  No.  1115.  Plotting  the  errors  of  the  mean  crushing- 
points  exhibited  in  table  II,  we  have  for  No.  1115  the  curve  as 
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plotted  in  plate  V,  in  which  the  abscissae  d^not^  the  groups, 
with  the  numbers  of  the  variates  in  each,  and  the  ordinates 
denote  the  errors  of  the  mean  crushing-point  in  grams.  In 
this  curve  the  heavy  unbroken  line  joins  the  moments  of  the 
curve  as  determined  from  the  experimental  data,  and  as  shown 
in  table  I  under  No.  1115,  in  the  column  entitled  "Errors  of 
the  mean  crushing-point  (grams) ."  The  broken  line  approxi- 
mating a  hyperbolic  curve  forms  the  probable  best  expression 
of  the  relation  of  the  data  in  question,  and  plotted  to  the  equa- 
tion y  =  705.7xr^'^^.  The  dotted  line  continues  the  theoretical 
curve  beyond  the  last  experimental  datum  to  a  datum  with 
1000  variates. 

Likewise  in  plate  VI  is  shown  a  plotting' of  the  errors  of  the 
mean  of  wheat  No.  1112,  for  a  similar  series  of  nine  groups, 
having  the  same  numbers  of  variates  in  each,  as  in  the  case  of 
No.  1115.  Here  the  approximate  hyperbolic  curve  plots  to  the 
equation  122.5x-««. 

(Note  here  the  similarity  in  the  exponents  of  the  two  curves,  differing 
by  only  .03,  which  would  suggest  that,  allowing  for  experimental  error, 
the  probable  exponent  for  both  would  be  0.50.) 
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PLATE  VL    ERRORS  OP  THE  BfEAN  CRUSHING^POINTS 

Of  nin«  flrroups  of  kernels  taken  from  pediflrree  wheat  No.  1112  (a  hard  variety),  with  plot' 
tinff  of  the  theoretical  curre  to  the  equation,  y  =  122x~  "**' . 

Abflcisiap  indicate  the  experimental  ffroupa  with  increaaioff  numbers  of  Tariates. 

Ordinates  indicate  errors  of  the  mean  crushinff-points,  in  grams. 

The  heavy  unbroken  line  joins  the  experimentally  determined  data. 

The  dotted  curve  extendinff  beyond  600.  denotes  the  theoretical  plotting  to  the  eqaatkn. 
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For  those  who  may  be  interested  in  noting  the  derivation  of 
the  equation  in  the  two  cases,  the  mathenxatieal  data  are  given, 
as  follows : 

No.  1115. 

Let  equation  be  y  =  bx*^ 
Then,  - 

(1)  log.  y  «  log.  b  4-  n  log.  x. 

Taking  two  points  on  the  experimental  curve,  x  —  150  and 

x  =  300— 

When  X*  160 

y»   68.71    (See  table  I.  A.) 
log.  X  =»     2.1761 
log.  y  «     1.8042 

When  X  =  800 
y=   46.67 
log.  X  =     2.4771 
log.  y  »     1.6597 

Sabstitoting  in  (1)  and  combining: 

(2)  1.8042  «  log.  b  +  n  (  2.1761) 
1.6697  -  ky.  b  H-  n  (  2.4771 ) 

^   ^    .1446*  n  (-.8010) 

.1445 
-.8010 
Subetituting  in  (1)  and  solving  for  b : 
(6)  log.  b=     2.8487 

(6)  b  =  705.7 
Then,  when  y  «  bx"* 

(7)  y  =  706.7x-<>-«. 

Taking  a  point  on  the  experimental  curve,  x  —  100 — 
Substituting  in  (1) 

(1)    log-  y  =  log.  b  H-  n  log.  X. 
Prom  (7),  log.  y  =   2.8487  +  ( -0.48  X  ^.0000) 

(8)  log.  y=    1.8887 

(9)  y  =  77.89,  where  experimental  y  -  72.12. 

Calculating  similarly  for  all  remaining  points  on  the  experi- 
mental curve,  under  the  assumed  equation, 

y  =  bx"* ,  or, 

y  «  705.7x-<>-«,  we  have. 
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TABLE  IV. 

Corrections  forezperi- 

wNticaL 

ExperiiMntaL 

m«nta]  curve  +  or  — 
are  additive. 

77.39  g. 

y  =  72.12  g. 

+  6.27  g. 

66.49 

61.34 

+  4.16 

49  86 

66.93 

-  7.08 

42.41 

41.43 

-f  0.98 

89  78 

42.90 

-  3.12 

37.60 

36.36 

+  2.26 

36.74 

38.37 

-  2.63 
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Where  x  =  100 
200 
260 
360 
400 
460 
600 

Considering  the  close  approximation  of  the  experimental 
curve  to  the  equation  y  «=  bx»,  when  b  «=  705.7  and  n  =  — 0.48, 
and  the  close  balancing  of  errors,  it  is  concluded  that  this 
equation  expresses  the  condition  with  respect  to  the  errors  of 
the  mean  crushing-points  of  a  pure-bred  wheat  (No.  1115), 
under  the  conditions  of  the  experiment. 

Now,  plotting  the  curve  beyond  the  experimental  data,  we 

therefore  have — 

TABLE  V. 

Where  x  =  600  y  =  32.76  g. 

700  30.42 

800  28.62 

900  26.96 

1000  26.63 

Similarly  in  the  determination  of  the  equation  for  the  curve 
of  errors  of  mean  crushing-points  in  wheat  No.  1112 : 

Let  equation  be  y  —  bx''* 
Then, 

(1)  log.  y  =  log.  b  +  n  log.  x. 

Taking  two  points  on  a  hypothetical  curve,  x  »  276  and  x  »  376. 
When  X  =  276 
y  =  9.78 
log.  X  ^  2.4393 
log.  y  =  0.9903 

When  X  =  376 
y  =  8.60 
log.  X  =  2.6740 
log.  y  =  0.9294 

Substituting  in  (1)  and  combining : 

(2)  .9903  =  log.  b  +  n  (2.4393) 

(3)  .9294  =  log,  b  +  n  (    2.6740) 
.06909=  n(- 0.1347) 

.0609 

•  <^>"  =  riir7=-»« 

(6)  log.  b  =  2.088 

(6)  b  =  122.6 
Then,  when  y  =  bx"- 

(7)  y  =  122.6x-^*«^- 
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Calculating  all  the  pohits 

on  the  experimental  curve,  ^ 

have — 

TABLE  VI. 

Theoretical 

•re  additive. 

Where  x  - 100 

y  =  13.98 

y  =  15.45 

-1  47 

150 

12.34 

12.84 

-0  50 

200 

11.07 

11.30 

-0.23 

250 

10.78 

10.21 

+  0.49 

300 

8.80 

9.40 

-0.60 

850 

8.46 

8.77 

-0.31 

400 

.    8.56 

8.26 

-0.30 

450 

8.54 

7.83 

-0.71 

500 

7.16 

7.48 

-0.32 

Again  a  close  fitting  of  the  curve  to  the  experimental  data. 

Plotting  the  theoretical  curve  beyond  the  determined  data, 

we  have — 

TABLE  VII. 


Where  x  =  600 

y  =  17.85  g. 

700 

19.00 

800 

20.25 

900 

21.40 

1000 

22.40 

It  was  thought  desirable  to  determine  the  rate  of  decrease 
of  the  error  of  the  mean  crushing-point  (y ) ,  for  successively 
increasingly  large  numbers  of  kernels  crushed  (x) ;  in  other 

words,  the  differential  of  y  with  respect  to  x,  or  -^,  in  the  two 
cases  under  experiment,  where  (No.  1115)  y  -=  TOS.Tx-^*^,  and 
(No.  1112)  where  y  =  122.5x-o-«. 
Where,  y  =  705.7x-^-4«,  differentiating,  we  have 

^  _d(705x-Q-*«)  __  0  48  (705  7x-i  *«)  =  -0»48x  705.7.  and, 
dx  dx  .      \       .  /  xl.45 

log,  ^  =s  log.  0.48  +  log.  705.7  +  1.48  colog.  x;  and  similarly, 

dx 

where  y  =  122.5x  ~^-^  we  have  log.  ^,  =  log.  0.45  -f  1.45  colog.  x. 

dx 

From  the  last  two  equations,  determining  ^  for  each  of  the 
groups  in  the  two  cases,  Nos.  1115  and  1112,  we  have — 
TABLE  VIII.     (No.  1115.) 
When  X  =  100 


100 

dy  _ 
dx 

-.371616 

150 

-.203819 

200 

-.133048 

250 

-.095699 

300 

-.073067 

350 

-.058162 

400 

-.047732 

450 

-.040096 

500 

-.034307 
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TABLE  IX.     (No.  1112.) 


When  X  =  100 
150 
200 
250 
300 
350 
400 
450 
500 


dy 

dz 


-.0691434 
-.0384077 
-,0253079 
-.0183121 
-.0140580 
-.0112422 
-.0092632 
-.0078089 
-.0067026 


Having  determined  in  terms  of  the  differential  -^,  in  the 
case  of  No.  1115  and  No.  1112,  the  rate  of  change  in  respect 
to  the  diminution  of  the  error  of  the  mean  crushing-point  with 
successively  increasing  numbers  of  grains  selected  for  crush- 
ing, it  becomes  now  a  question  as  to  the  relative  differences  in 
this  rate  of  change  as  the  groups  chosen  for  crushing  become 
larger  and  larger,  or,  to  use  more  familiar  terminology,  what 
is  the  rate  of  negative  acceleration  of  the  errors  of  the  mean 
crushing-point  with  successively  increasing  values  of  x.  We 
have,  for  No.  1115, 

(1 )  1^  =  ^  0.48  X  705.7x-l*8 


dx 


d«y 


(2)  hence, ^  =  -  1.48  X  -0.48  (705.7x-2.^);  =601.029x-*« 

(  3  )  log.  m  =  log.  501.029  -  2.48  log.  x. 
dx 

From  which  we  have,  in  the  case  of  No.  1115, 


TABLE  X. 

x=100 
150 

dy 
dx 

-.371616 
-.203819 

d-y 
dx« 

:  0.00549696 
0.00201102 

.00348594 

200 

-.133048 

0.00098530 

.00102572 

250 

-.095699 

0.00056654 

.00041876 

300 

-.073067 

0.00036046 

.00020608 

350 

-.058162 

0  00024594 

.00011462 

400 

-.047732 

0.00017661 

.00006938 

450 

-.040096 

0.00013187 

.00004474 

500 

-.034307 

0.00010154 

.00003033 

From  the  second  differential,  ^  =  501.029x-^-^^  we  derive 

the  equation  for  the  negative  acceleration  in  the  rate  of  de- 
crease in  the  error  of  the  mean  crushing-point  with  increased 
values  of  x.  In  other  words,  we  have  the  equation  for  the 
retardation  in  the  rate  of  decrease  of  the  error  of  the  mean, 
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for  the  increasing  size  of  the  groups  of  variates  selected  for 
crushing. 

The  equation  in  the  case  of  No.  1115  would  be  y=^21^ 

or,  in  other  words,  y  ==  the  series  of  the  second  differentials  as 
determined  for  table  X  for  successive  values  of  x. 

Determining  likewise  the  second  differential  in  the  case  of 
No.  1112— 


0.46  X  122.6x-l'*5 
( 2 )  ^  =  -  1.46  X  0.46  X  122.6"*^  ;  =  187.789x- 


-2.46 


(3)  log. 


log.  187.789  -  2.45  log.  x. 


From  which  we  have,  in  the  case  of  No.  1112 — 


Where  x  =  100 

dx 

=  -  .0691484 

150 

-.0884077 

200 

-.0253079 

250 

-  .0188121 

300 

-.0140680 

350 

-  .0112422 

400 

-.0092682 

450 

-.0078089 

600 

-.0067026 

TABLE  XI. 
dV 
dx* 


0.00236849 
0  00087525 
0.00043254 
0.00025038 
0.00016018 
0  00010979 
0.00007916 
0.00005931 
0  00004582 


The  equation  in  the  case  of  No.  1112  would  be  y 


Differene«8. 

.00148824 
.00044271 
.00018216 
.00009020 
.00005089 
.00008068 
.00001985 
.00001849 

187.739 
x-2.46. 


Plotting  the  two  equations,  with  the  numbers  of  variates  in 
the  groups  as  abscissae,  and  the  differentials  as  ordinates,  we 
have  in  plates  VII  and  VIII  the  graphs  for  the  first  and  second 
differentials,  respectively,  for  each  of  the  strains,  1115  and 
1112. 

To  make  the  matter  entirely  clear  to  those  not  interested  in 
the  mathematical  expressions:  the  curve  in  plate  VII  repre- 
sents the  rate  at  which  the  error  of  the  mean  crushing-point 
decreases  as  we  proceed  to  take  groups  of  kernels  for  crush- 
ing which  contain  a  larger  and  larger  number  of  individuals, 
the  number  in  such  groups  being  indicated  on  the  horizontal 
axis  (the  x-axis) .  This  is  what  is  known  as  the  first  differ- 
ential. The  rapid  lessening  of  this  differential  in  the  first  few 
groups  is  indicative  of  the  immense  gain,  so  far  as  the  cutting 
down  of  the  error  of  the  mean  is  concerned,  derived  from  tak- 
ing say,  150  or  250  kernels,  instead  of  100.  The  rapid  slowing 
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down  of  this  rate  of  decrease  when  we  reach  350  kernels  is 
sufficiently  plain.  It  therefore  appears  evident  that  our  em- 
pirical choice  of  350  kernels  as  the  optimum  practical  number 
for  crushing,  to  determine  the  mean  crushing-point  of  a  given 
pure  race  of  wheat,  is  perfectly  justifiable. 


/vuMOCw  ormm^mmtrnRCitoij^a. 


PLATE  VII.    PLOTTING  OP  THE  DIFFERENTIAL 


DY. 
DX 


In  the  case  of  pedigree  wheats  Nos.  1116  and  1112,  showing  the  rate  of  decrease  of 
error  of  the  mean  crushins-point,  in  the  case  of  nine  crroups  of  kernels,  where  the  numbers  of 
variates  in  the  groups  successively  increase  from  100  to  600.  at  intervals  of  60. 


dy  \  888.786 

In  No.  1116.  --  -0.48  (706.7x-'-*-^'  or  y 

dx 

dy 
In  No.  1112.  —  =  -0.45  ( 122.6x  —**").     or  y  = 
dx 

Abscissae  denote  the  numbers  of  variates  in  the  ffroups. 

dy 
Ordinates  denote  the  differential   -— ' 

dx 


1.48X 
65.126^ 
1.45X 


In  plate  VIII  we  have  likewise  the  graph  or  curve  for  the 
second  differential,  which  expresses  not  the  rate  of  decrease 
itself,  but  the  rate  of  speed  at  which  that  rate  slows  down. 

In  more  general  terms,  the  first  differential  expresses  ve- 
locity, while  the  second  differential  expresses  acceleration. 

The  velocity  may  be  an  increasing  or  a  decreasing  one;  and 
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likewise,  instead  of  positive  acceleration,  we  may  have  nega- 
tive acceleration  or  retardation. 

In  the  present  case  we  are  dealing  of  course  with  a  decreas- 
ing velocity  and  a  negative  acceleration. 

The  curve  of  the  second  differential  shows  finally  the  funda- 
mental 6bject  of  the  investigation — ^to  discover  at  what  point 


s^^*'^ 


^n^cmt  or  tM/ttArr*  ov  r*<-  o^dums. 


PLATE  VUI.    PLOTTING  OP  THE  SECOND  DIFFERENTIAL 


D'Y 
DX*' 


Wheats  Nos.  1115  and  11(2  ■howins  the  nesative  acceleration  in  the  rate  of  decrease  of  error 
of  the  mean  cnishinff-poTnt,  in  the  case  of  nine  arroups  of  kernels,  where  the  nnmhers  of  va- 
riates  in  the  groups  suceessiTely  increase  from  100  to  600  at  intervals  of  60. 
d'y  601.829 

In  No.  1116,  =501.829x-***\  ory- . 

dx'  2.48X 

d"y  187.789 


In  the  case  of  No.  1112. 


a87.789— '•**  ory  = 


dx*  2.46X 

Abeeissae  denote  the  namber  of  variates  in  the  groups. 

d*y 
Ordinates  denote  the  differential  . 

dx» 
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the  rate  at  which  the  diminishing  error  falls  off — ^becomes 
itself  so  slight  as  to  be  negligible. 

The  graph  in  plate  VIII  shows  most  convincingly  that  the 
critically  important  point  in  this  respect  is  more  than  reached 
at  the  350-variate  group. 

Referring  back  to  plate  II  and  table  I,  it  will  be  noted  that 
the  mean  crushing-point,  which  falls  oflf  steadily  to  6499  grams 
at  the  450-variate  point,  suddenly  rises  at  the  500-variate 
point  to  6764.  This  sudden  deflection  of  the  curve  calls  for 
investigation,  as  it  clearly  does  not  harmonize  with  the  other 
points  of  the  curve.  In  order  to  analyze  the  data  more  pre- 
cisely, a  mean  was  taken  of  each  successive  hundred  variates 
in  the  original  raw  data  of  individual  crushing-points.  These 
means  of  twenty-seven  successive  hundreds  are  given  as  fol- 
lows: 

TABLE  XII. 


Groap. 

Mean  erushilkff-pokit 

First 

100 

7026granui. 

Second 

100 

7112 

<« 

Third 

100 

7048 

(< 

Fourth 

100 

6977 

•< 

Fifth 

100 

6938 

4t 

Sixth 

100 

7056 

<l 

Seventh 

100 

6784 

«( 

Eigrhth 

100 

6886 

<« 

Ninth 

100 

6962 

«• 

Tenth 

100 

6708 

(« 

Eleventh 

100 

6726 

l< 

Twelfth 

100 

6681 

It 

Thirteenth 

100 

6461 

<« 

Fourteenth 

100 

6422 

<< 

Fifteenth 

100 

6667 

<< 

Sixteenth 

100 

6778 

1 

Seventeenth 

100 

6451 

<( 

Eighteenth 

100 

6605 

«« 

Nineteenth 

100      . 

6447 

ti 

Twentieth 

100 

6434 

** 

Twenty-first 

100 

6099 

€4 

Twenty-second 

100 

6866' 

<< 

Twenty-third 

100 

6731 

it 

Twenty-fourth 

100 

6673 

*€ 

Twenty-fifth 

100 

6598 

«• 

Twenty-sixth 

100 

6639 

«« 

Twenty-seventh  lOO 
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PLATE  DC    (Upper  arraph.)    MEAN  CRUSHING-POINTS, 

In  srmms,  of  th«  2700  kamela  of  wheat  No.  1115.  arranged  in  nine  sncceaiBive  ffioape,  contain^ 
bag  each  50  variatea  more  than  the  next  preceding  group.  Abscissae  denote  the  sncoession 
of  the  inereasinff  ffronps  of  variates.    Ordinates  denote  the  cmshinff-pointa.  in  srams. 

PLATE  IX.    (Lower arraph.)    MEAN  CRUSHING^POINTS. 

In  grams,  of  the  2700  kernels  above,  of  wheat  No.  1115,  arranged  in  twenty-seven  successive 
groaps,  containiniT  each  100  variates  and  showinar  the  individual  variation  of  the  ffroaps. 
Absdase  denote  the  succession  of  the  arroups  of  100  variates.  Ordinates  denote  the  crushinar- 
pointa.  in  anrams. 

Plotting  these,  we  have  the  lower  graph  shown  on  plate  IX, 
with  the  graph  for  the  mean  crushing-points  of  the  nine  suc- 
cessively increasing  groups  plotted  on  the  same  scale  above 
for  comparison.  The  lower  curve  shows  the  individual  varia- 
tion in  the  groups  of  100  each,  and  it  is  to  be  seen  that  whereas 
the  eleven  successive  hundreds,  from  the  tenth  to  the  twen- 
tieth, inclusive,  all  had  means  beween  6400  and  6800  grams, 
.the  last  five  successive  hundreds,  from  the  twenty-second  to 
the  twenty-seventh,  inclusive,  had  means  lying  between  6600 
and  7000.  The  upper  curve  thus  having  its  components  an- 
alyzed in  the  lower  one,  renders  it  possible  to  see  exhibited 
there  the  details  of  the  sudden  rise  in  the  mean  crushing- 
point  of  the  last  group  previously  referred  to,  in  the  upper 
curve  of  plate  IX.  The  abrupt  rise  of  this  500  group,  as  con- 
trasted with  its  immediately  preceding  one  containing  450 
variates,  is  especially  striking.  No  way  has  been  found  to 
account  for  this  sudden  upward  displacement  of  the  mean 
crushing-points  in  the  last  five  groups  of  100  variates  each, 
unless  on  the  theory  that  the  prolonged  delay  of  the  kernels  of 
the  last  series  in  the  desiccator  while  awaiting  crushing  would 
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tend  to  increase  the  relative  hardness  of  this  particular  lot. 
However,  the  sudden  increase  in  mean  crushing-point  in  this 
series,  as  shown  in  the  upper  graph  of  plate  IX,  and  more 
strikingly  on  the  larger  scale  of  plate  II,  does  not  affect  the 
general  condition  of  the  curve,  and  it  may  therefore,  as  the  one 
erratic  moment,  be  neglected. 

Finally,  the  investigation  has  in  mind  as  its  main  ultimate 
objects: 

First.  The  discovery  of  the  correlation  of  hardness,  as  de- 
termined in  terms  of  the  mean  crushing-point,  with  certain 
chemical  factors  of  economic  importance,  to  be  discussed  in  a 
succeeding  bulletin. 

Second.  It  is  desired  to  assist  in  laying  the  foundation  for  a 
standard  system  of  grading  wheat  on  the  basis  of  economic 
values  to  be  determined  quantitatively.  That  there  is  a  defi- 
nite relation  between  hardness  in  wheat  and  these  economic 
factors  is  generally  admitted. 

The  present  machine  used  in  determining  the  crushing-point 
of  wheat,  while  perfectly  accurate,  needs  to  be  modified  in  such 
a  way  as  to  increase  the  speed  of  its  operation,  and  a  number 
of  changes  are  being  considered  to  this  end.  Any  scientific 
method  of  wheat  grading  must  admit  of  great  rapidity  of  oper- 
ation, in  order  to  be  of  practical  commercial  value. 
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Work  of  the  Deiiartment  of  Entomolog^y  and  Zoology. 

This  department  covers  a  wide  field  of  usefulness  to  the  farmers  of 
Kansas.  For  two  years  there  has  been  maintained  a  general  field  survey 
and  extensive  investigation  of  the  ravages  of  field  insects  such  as  chinch 
bug,  Hessian  fiy,  green  bug,  com  ear-worm,  and  other  insect  pests  of 
general  agricultural  crops.  This  work  has  been  carried  on  in  coopera- 
tion with  farmers  in  various  parts  of  the  state.  Instructions  for  com- 
bating these  insects  have  been  formulated  and  are  sent  to  any  one  on 
request.  Investigations  as  to  the  destructive  tendencies  of  rodents  are 
in  progress.  The  eradication  of  insects  in  mills,  elevators  and  granaries 
is  being  studied  and  is  carried  on  in  cooperation  with  mill  owners,  le- 
vator men  and  farmers. 

For  three  years  destruction  of  San  Jos^  scale,  which  is  perhaps  the 
most  serious  of  deciduous  fruit  insects,  has  been  carried  forward  under 
the  entomological  law  of  190T  in  cooperation  with  farmers  and  fruit 
growers.  Plantings  over  158  square  miles  have  been  examined,  scale- 
infested  plantings  located,  and  the  owners  informed  of  the  dangerous 
nature  oi  the  creature  with  which  they  had  to  deal.  Methods  by  means 
of  which  the  scale  could  be  killed  have  been  explained  and  arrang^nents 
made  to  carry  \>ut  the  necessary  treatment.  About  4000  owners  and 
tenants  have  been  personally  visited  one  or  more  times.  More  recently 
other  insects  injurious  to  fruit,  such  as  codling  moth  and  plum  curculio, 
have  been  taken  into  consideration,  and  extensive  orchard-spraying  exper- 
iments are  now  in  progress  in  various  parts  of  the  state. 

Bulletins,  circulars,  and  press  bulletins  reporting  progress  and  results 
of  these  studies  are  being  issued  from  time  to  time  and  may  be  had  by 
writing  the  Experiment  Station. 
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THE  COMMON  MOLE. 

By  Thbo.  H.  Scheffeb. 


SUMMARY. 

1.  There  seems  to  be  but  a  single  species  of  mole  in  Kansas. 
It  is  common  in  the  eastern  half  of  the  state  and  abundant  in 
the  eastern  third.  In  western  Kansas  the  mole  is  entirely  ab- 
sent or  found  only  occasionally  along  the  watercourses. 

2.  The  mole  is  not  a  social  animal,  being  condenmed  to  a 
solitary  existence  by  the  conditions  under  which  he  lives. 
Moles  come  out  of  the  seclusion  of  their  underground  burrows 
only  occasionally,  as  if  by  accident. 

3.  The  mole's  system  of  runways  threads  the  soil  every- 
where in  well  watered  regions.  There  are  two  parts  to  the 
system — ^the  deeper  burrows  or  highways  leading  to  small 
underground  chambers,  and  the  shallow  surface  ridges  ranging 
over  the  hunting  grounds. 

4.  The  mole  thrives  best  in  a  loose,  moist  soil  abounding  in 
grubs  and  earthworms.  It  therefore  frequents  fields  and  woods 
shaded  by  vegetation,  but  is  not  able  to  maintain  existence  in 
the  hard,  compact  soil  of  semiarid  regions. 

5.  The  mole  does  not  hibernate,  but  is  more  or  less  active 
at  all  seasons  of  the  year.  During  the  rainy  periods  of  sum- 
mer his  work  is  pushed  the  most  vigorously. 

6.  The  young  of  the  mole  are  produced  within  a  period  of 
three  to  five  weeks,  mainly  in  March  and  early  April.  They 
number  from  three  to  five. 

7.  The  labyrinth  of  tunnels  constructed  by  the  mole  serves 
as  passageways  for  several  species  of  mice,  which  are  alone 
responsible  for  most  of  the  damage  to  seeds,  roots,  and  tubers 
encountered  in  the  soil. 

8.  The  diet  of  moles  consists  almost  exclusively  of  the  vari- 
ous insects,  grubs  and  worms  to  be  found  in  the  soil.  The 
amount  of  vegetable  substance  found  in  stomach  examinations 
is  usually  no  more  than  might  have  been  taken  in  incidental  to 
the  ingestion  of  other  food. 
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9.  By  reason  of  its  secluded  life  underground,  the  mole  has 
but  few  natural  enemies.  Coyotes,  badgers  and  skunks  dig 
out  a  few  of  them,  and  occasionally  a  hawk  or  owl  surprises 
one  aboveground.  The  flooding  of  lowlands  during  spring 
freshets  is  probably  the  greatest  danger  that  menaces  the  adult 
mole  and  his  progeny. 

10.  From  the  standpoint  of  food  habits,  and  also  in  respect 
to  tunneling  the  soil,  the  work  of  the  mole  is  highly  beneficial 
to  the  interests  of  agriculture.  Moles  should  not  be  tolerated, 
however,  in  lawns,  small  garden  plats  and  parks,  because  of 
the  disfigurement  and  the  injury  to  plant  roots  that  result 
from  their  work. 

11.  The  best  method  of  combating  the  mole  is  by  means  of 
a  trap  in  the  hands  of  a  person  who  knows  how  to  set  it. 
Crystals  of  strychnine  in  raisins  or  bits  of  fresh  meat  make 
fairly  effective  poison  baits. 

12.  The  mice  which  take  seed  corn  in  the  ground  may  be 
destroyed  by  introducing  poisoned  grain  baits  into  mole  run- 
ways throughout  the  field.  The  theft  of  seed  com  may  some- 
times be  prevented  by  treating  it  with  coal  tar,  tobacco  decoc- 
tion, or  stock  dip  before  planting. 


Geographical  distribution  of  the  common  mole  (genos  Scalapa),  shown  by  the 
shaded  area.     (From  True's  Revision  ot  American  Moles.) 
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DESCRIPTION  AND  DISTRIBUTION. 

The  mole  which  forms  the  subject  of  this  discussion  is  usu- 
ally referred  to  as  the  "common  garden  mole."  It  belongs  to  a 
genus  (Scdlops)  which  is  distributed  very  generally  over  the 
eastern  part  of  the  United  States  and  the  Mississippi  valley  as 
far  west  as  the  plains.  There  is  not  enough  variation  in  type 
over  this  range  to  establish  more  than  a  single  species  {aquaU 
icus),  but  four  or  five  subspecies  are  recognized.  The  Kansas 
mole  has  usually  been  assigned  to  the  subspecies  machrimcs, 
but  from  the  large  number  of  specimens  examined  it  seems 
best  to  place  it  in  the  subspecies  intermedius  of  Elliott.  There- 
fore it  may  be  designated  as  Scalops  aquaticus  intermedius. 


Hand,  nose  and  foot  of  the  common  mole ;  under  surface  in  each  case.     OrUrinaL 

The  true  moles  may  be  distinguished  from  meadow  mice, 
shrews,  or  pocket  gophers — ^with  which  they  are  often  con- 
fused— ^by  the  following  peculiarities:  They  have  a  naked, 
pointed  snout  extending  nearly  a  half  inch  in  front  of  the 
mouth  opening,  which  is,  therefore,  ventral.  The  eyes  are 
very  minute  and  concealed  in  the  fur.  The  same  is  true  of  the 
auditory  orifice.  There  are  no  external  ears.  The  fore  feet 
are  very  large  and  broad,  the  palms  being  wider  than  long. 
The  toes  of  the  feet  are  webbed  to  the  base  of  the  claws,  which 
are  broad  and  depressed.  The  hind  feet  are  small  and  narrow, 
with  slender,  sharp  claws.  The  variation  in  size  among  indi- 
viduals taken  in  the  same  locality  is  not  especially  marked,  but 
it  is  more  noticeable  when  comparing  specimens  taken  in 
arid  and  in  moist  regions  respectively. 
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The  following  data  apply  to  the  first  100  moles  taken  at 
Manhattan  during  the  progress  of  these  experiments : 

AVERAGE  DIMENSIONS  AND  WEIGHT. 

Males  (45  specimens) : 

Average  total  length,  176  nun.  (about  7  inches) . 

Average  length  of  tail,  80  mm.  (about  l^ie  inches). 

Average  weight,  4  ounces. 
Females  (55  specimens) : 

Average  total  length,  168  mm.  (about  6%  inches) . 

Average  length  of  tail,  30  mm.  (about  l^e  inches) . 

Average  weight,  8  ounces. 

In  contrast  to  the  slight  variation  in  size  among  moles 
taken  in  the  same  locality  is  the  marked  variation  in  color. 
The  dominant  shade  is  a  mingling  of  lead  color  and  brown,  but 
some  specimens  are  darker  than  this  and,  on  the  other  hand, 
some  are  a  beautiful  slivery  gray,  or  perhaps  are  tinged  with 
purplish.  At  least  two  were  taken  that  were  suffused  all  over 
with  rich  golden  brown.  On  the  average  about  one-half  of  the 
moles  taken  here  have  certain  regions  of  the  body — ^particu- 
larly the  nose,  chin  and  breast — ^washed  with  a  tinge  of  orange 
or  have  distinct  patches  of  this  color  on  the  head  or  belly. 
Some  of  these  patches  are  yellowish  or  golden  brown  instead  of 
orange,  and  occasionally  one  is  nearly  white.  A  common 
marking  is  a  band  on  the  nose.  The  patches  vary  in  size  from 
a  mere  streak  to  a  blotch  covering  almost  the  entire  area  of  the 
belly  or  head.  The  following  data  on  color  markings  are  from 
the  same  100  moles  discussed  under  the  head  of  average  di- 
mensions and  weight: 

Males: 

Number  having  orange  or  rusty  brown  markings 27 

Number  marked  on  nose  only 5 

Number  suffused  or  washed  in  part 18 

Number  having  well-defined  patches 6 

Females : 

Number  having  orange  or  rusty  brown  markings 28 

Number  marked  on  nose  only 12 

Number  suffused  or  washed  in  part 2 

Number  having  well-defined  patches 9 

The  distribution  of  moles  seems  to  depend  very  largely  upon 
the  humidity  of  the  climate  and  consequent  condition  of  the 
soil  in  any  particular  region.  As  will  be  shown  later,  the  mole 
thrives  best  in  a  loose,  moist  soil,  abounding  in  grubs  and 
earthworms.     The  hard,  compact  surface  earth  of  arid  and 
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semiarid  regions  is  not  at  all  inviting  to  an  animal  that  must 
make  its  living  by  plowing  along  beneath  the  feet  of  the  more 
favored  creatures  that  crop  the  grass.  Though  able,  perhaps, 
to  burrow  wherever  an  earthworm  can  burrow,  the  mole  could 
not  thrive  and  maintain  its  numbers  in  regions  where  these 
worms  were  few  and  small  in  size. 

The  accompan3mig  map  (page  2)  gives  the  distribution  of 
the  genus  Scalops.  Two  other  genera — Condylura  and  Para- 
scalops— -occupy  portions  of  this  same  territory.  Between  the 
shaded  area  on  the  map  and  a  narrow  strip  bordering  the 
Pacific  coast  there  are  said  to  be  no  moles.  This  statement 
must  be  taken  with  some  reservation,  however,  for  moles  are 
found  in  decreasing  numbers  on  the  lowlands  along  the  water- 
courses as  far  west  at  least  as  the  one  hundred  and  first  me- 
ridian. On  a  recent  trip  through  the  western  part  of  Kansas, 
careful  search  was  made  for  evidences  of  moles  in  favorable 
spots  along  the  Saline,  the  Smoky  Hill  and  the  Arkansas  rivers 
and  their  tributaries.  At  Wilson,  on  the  Saline,  moles  were 
fairly  common  in  cultivated  fields  and  gardens.  They  were 
also  reported  from  the  Station  grounds  at  Hays.  At  Oakley, 
no  traces  of  the  animal  could  be  found,  nor  did  inquiry  among 
the  residents  show  that  one  had  ever  been  seen  there.  Along 
the  Smoky  Hill  it  was  learned  that  moles  have  been  taken 
occasionally  as  far  west  as  Logan  county,  but  no  traces  of 
their  work  were  found.  Residents  along  the  river  at  Wallace 
assert  that  there  are  no  moles  in  the  country.  At  Garden  City, 
on  the  Arkansa9,  moles  were  sufficiently  numerous  to  be 
troublesome  in  lawns.  A  specimen  taken  at  Great  Bend  did 
not  seem  to  differ  in  any  respect  from  those  collected  at  Man- 
hattan. 

ACTIVE  PERIODS. 

Wet  and  Dry  Periods.  The  mole  does  not  hibernate.  Like 
the  pocket  gopher,  he  is  more  or  less  active  at  all  seasons  of 
the  year.  It  is  during  the  rainy  periods,  however,  when  the 
soil  is  moist  quite  to  the  surface,  that  his  work  is  pushed  the 
most  vigorously.  Shallow  runways  are  then  rapidly  extended 
in  all  directions,  and  old  runways  repaired.  When,  later,  the 
ground  becomes  dry  and  hard,  extensions  to  the  system  of  tun- 
nels are  made  only  in  shaded  spots,  in  cultivated  fields,  or  in 
other  favored  areas  where  for  some  reason  or  other  the  soil  has 
become  less  compact.    When  a  mole  chooses  to  go  in  a  certain 
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direction,  however,  nothing  but  concrete  or  stone  will  stop 
him.  The  strength  of  the  little  animals  is  marvelous.  They 
will  heave  up  the  surface  of  a  path  trodden  so  hard  that  re- 
peated blows  of  a  pick  would  be  required  to  break  the  crust. 
In  like  manner  the  bricks  of  a  sidewalk  are  pushed  up  out  of 
place,  and  oji  one  occasion  a  run  was  noticed  heaved  up  across 
the  hard,  baked  roadway  over  which  a  heavy  traction  engine 
frequently  passed. 

The  Fall  Season.  In  the  late  fall  one  will  observe  an  in- 
creasing number  of  the  little  mounds  of  earth  often  associated 
with  a  system  of  mole  runways.  The  presence  of  these  indi- 
cates active  operations  in  some  of  the  deeper  parts  of  the  sys- 
tem. Ordinarily  a  mole  makes  his  way  through  the  soil  much 
as  a  root  does,  or  a  stake  when  driven  by  the  blows  of  a  sledge. 
The  earth  is  not  excavated,  but  simply  crowded  aside.  This  is 
true  of  the  work  even  at  considerable  :?epths  when  the  soil  is 
moist.  But  when  the  ground  becomes  I.arder,  as  it  usually  does 
in  the  autumn,  the  mole  is  obliged  to  excavate  the  passageways 
with  his  stout  front  feet  and  dispose  of  the  loose  earth  by  push- 
ing it  out  through  openings  in  the  roof  of  his  surface  tunnels. 

In  Winter.  At  any  time  in  winter  when  the  ground  is  not 
frozen  too  hard,  the  mole  keeps  up  his  work.  During  the 
freezing  days  of  January  observations  have  shown  fresh  bur- 
rows ridging  up  a  hard  crust  of  snow  covering  a  thin  layer  of 
frozen  soil.  There  seems  to  be  no  good  reason  for  assuming, 
as  some  do,  that  during  hard  freezins:  weather  the  mole  keeps 
burrowing  away  beneath  the  frost  line.  He  could  not  make  his 
way  at  this  depth  by  compacting  the  soil,  and  observations 
have  not  shown  loose  earth  brought  to  the  surface  at  such 
times.  Again  there  would  be  no  need  to  carry  on  burrowing 
operations  under  such  unfavorable  conditions.  The  system  of 
passages  already  constructed  could  be  retraversed  in  search  of 
food  until  opportunity  offered  for  extending  it.  Worms  and 
hibernating  insects  are  just  as  likely  to  be  found  in  a  passage- 
way the  second  or  third  time  it  is  traversed  as  they  were  when 
it  was  being  constructed,  for  many  of  these  little  creatures  of 
the  soil  are  on  the  move  also. 

Food  Storage.  Owing  to  the  peculiar  character  of  a  mole's 
diet,  storage  of  food  for  an  unfavorable  period  or  season 
would  seem  out  of  the  question.  There  seems  to  be  no  indi- 
cations that  supplies  are  thus  laid  up  for  a  "rainy  day."    A 
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French  writer  avers  that  the  common  European  mole  stores 
earthworms,  first  biting  off  their  heads  so  they  cannot  escape. 
Such  a  trifling  thing  as  the  loss  of  a  head  would  not  hinder  our 
American  earthworms  from  making  their  escape  tail  first. 

Working  Hours  op  the  Day.  It  seems  to  be  a  matter  of 
conmion  observation  that  the  mole  can  be  found  at  work  more 
frequently  in  the  morning  and  evening  than  at  any  other 
time  of  day.  Some  observers  also  state  that  there  is  a  third 
period  of  activity,  between  eleven  and  twelve  o'clock,  noon. 
This  statement  has  not  been  verified  by  these  observations. 

HABITS. 

General.  Like  the  various  species  of  pocket  gophers  that 
inhabit  the  prairies  and  plains,  the  mole  lives  in  the  seclusion 
of  underground  burrows,  coming  to  the  surface  only  by  acci- 
dent. He  does  not  even  permit  himself  the  diversion  of  an  air- 
ing at  the  mouth  of  an  open  burrow,  as  does  the  gopher  when 
he  comes  out  at  dawn  or  twilight  with  load  after  load  of  fresh 
earth  from  his  excavations.  When  the  mole  has  occasion  to 
dispose. of  any  surplus  dirt  he  simply  pushes  it  up  from  be- 
neath until  it  forms  a  loose  pile  with  radiating  cracks,  unlike 
the  dump  formed  coal-pit  fashion  by  the  pocket  gopher.  Liv- 
ing thus  in  darkness,  removed  from  the  sights  and  sounds  that 
attend  the  lives  of  insects,  birds  and  mammals  above  him,  the 
roimd  of  his  experiences  consists  mainly  of  the  smells  of  fresh 
moist  earth,  of  plant  roots,  and  of  the  various  worms  and 
grubs  he  seeks  out  for  food.  He  feels  also  the  jar  of  passing 
feet,  the  trickle  of  percolating  waters  after  a  shower  and  the 
changes  in  temperature  as  the  seasons  come  and  go.  Observa- 
tions have  led  us  to  believe  that  the  mole  is  not  a  social  animal 
— that  the  very  character  of  his  environment  compels  him  to 
lead  the  life  of  a  hermit.  This  must  necessarily  be  the  case 
with  any  animal  that  spends  all  of  its  time  underground.  It  is 
true  that  on  several  occasions  two  or  even  three  moles  have 
been  trapped  at  the  same  spot,  but  that  need  not  lead  to  the  in- 
ference that  they  had  lived  together  in  a  social  way  in  that  par- 
ticular burrow.  In  soil  ridged  up  by  a  labyrinth  of  runways 
frequent  intersections  of  separate  burrows  must  necessarily 
result. 

The  Runway.  After  following  along  the  devious  course  of 
a  mole's  path,  just  beneath  the  surface  of  the  ground,  one  will 
find  sooner  or  later  that  it  begins  to  run  slightly  deeper  in  a 
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certain  direction.  Approaching  from  another  quarter  of  the 
infested  plat  the  surface  runway  will  again  be  found  to  turn 
downward  somewhere  in  the  same  direction  as  before.  These 
deeper  runs  are  the  highways  leading  from  the  mole's  home  to 
his  hunting  grounds.  In  fact,  they  may  be  said  to  constitute  a 
part  of  his  permanent  residence,  although  the  home  proper  is 
an  irregular  chamber  here  and  there  connected  with  these 
runs.  The  latter  follow  a  course  from  five  to  seven  or  eight 
inches  beneath  the  surface  of  the  ground — deeper  than  the  soil^ 
is  usually  stirred  by  agricultural  operations.  The  chambers 
from  which  these  runs  radiate  are  not  large,  their  average  ca- 
pacity being  about  a  quart.  These  investigations  have  never 
revealed  any  nesting  material  in  them.  The  American  genera 
of  moles  do  not  construct  "mole  hills,"  as  the  European  genus 
Talpa  is  said  to  do. 


Tallatvbbk  and  \Needs 


Plot  of  srround  in  which  a  mole  runway  was  excavated.  The  total  length  of  the  parts 
of  the  runway  shown  was  476  feet  The  deeper  parts  of  the  runway  are  just  to  the  left 
of  the  center  of  the  illustration.  Several  small  chambers  were  found  in  this  part  of  the 
system. 

By  far  the  greater  extent  of  a  mole's  system  of  runways  is 
made  up  of  the  shallow  burrows  ranging  over  his  hunting 
grounds.  These  are  merely  subsurface  paths  pushed  hither  and 
thither  by  the  vigorous  little  animal  in  his  search  for  food. 
They  may  not  be  used  again  or  they  may  be  retraversed  at 
irregular  intervals.  After  a  time  they  become  filled  up  by  the 
settling  of  the  soil  above,  especially  after  heavy  showers.  In 
some  cases,  also,  the  mole  evidently  pushes  into  them  the  dirt 
which  he  has  excavated  in  his  deeper  runways.  These  sub- 
terannean  hunting  paths  are  about  an  inch  and  a  quarter  to  an 
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inch  and  a  half  in  diameter.  They  usually  ridge  up  the  sur- 
face of  the  soil  so  that  their  course  can  be  readily  followed.  In 
wet  weather  they  are  very  shallow ;  during  a  dry.  period  they 
range  somewhat  deeper,  following  the  course  of  the  earth- 
worm. 

Habitat.  While  the  mole  seeks  out  the  higher  and  dryer 
spots  for  his  home  and  his  highways,  he  hunts  preferably  in 
soil  that  is  shaded,  cool  and  moist.  Here  worms  and  grubs 
abound,  and  these  favored  areas  soon  become  traversed  by  a 
perfect  labyrinth  of  subsurface  paths.  This  accounts  for  the 
persistency  with  which  moles  stick  to  our  lawns  and  parks.  In 
neglected  orchards  and  natural  wood-lands,  where  the  mole 
works  undisturbed,  the  ground  yields  everywhere  to  the  tread, 
giving  evidence  of  the  presence  of  runways  under  the  leaves  or 
matted  grass.  In  the  vicinity  of  buildings  or  sidewalks  the 
mole  very  commonly  makes  his  headquarters  under  portions 
of  these  structures. 

Persistent  as  the  spider  in  repairing  its  web  when  torn  by 
accident  or  design,  the  mole  patiently  labors  to  reconstruct  his 
principal  runways  when  gullied  by  heavy  rains  or  otherwise 
damaged.  His  invariable  practice  is  to  burrow  under  and 
heave  up  the  floor  of  the  old  run  wherever  the  roof  has  fallen 
in,  thus  forming  a  new  passageway  beneath.  He  will  repeat 
this  process  time  after  time  when  one  opens  up  his  burrows  by 
hand,  until  the  most  recent  effort  at  tunneling  and  repairing 
will  have  taken  him  down  beneath  the  floor  of  a  narrow 
trench  as  much  as  a  foot  in  depth. 

The  Mole's  Guests.  Whether  willing  or  not,  the  mole  finds 
himself  compelled  to  act  as  host  to  a  large  number  of  guests 
that  throng  his  hallways.  The  maze  of  passages  that  thread 
the  soil  everywhere  furnishes  concealment  and  lines  of  traffic 
to  several  species  of  small  mammals  not  favored  by  nature 
with  the  means  for  digging  runways  of  their  own.  What 
the  mole's  attitude  towards  each  species  of  these  in- 
truders may  be  these  investigations  have  not  revealed.  In 
the  case  of  the  shrew  it  would  seem  to  be  one  of  hos- 
tility, for  the  shrew  and  the  mole  are  on  the  lookout  for  the 
same  kinds  of  food.  The  shrew  is  generally  supposed  to  do 
some  burrowing  on  his  own  account,  but  any  number  of  the 
little  animals  have  been  trapped  in  runways  that  from  their 
size  and  general  appearance  were  undoubtedly  constructed  by 
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moles.  In  fact,  observations  more  than  once  showed  a  trap 
holding  a  dead  shrew  pushed  up  by  fresh  mole  work  almost 
out  of  the  small  excavation  that  had  been  made.  Whether 
tolerated  or  not,  the  shrew  by  no  act  contributes  to  blackening 
the  reputation  of  his  host  as  do  the  other  guests — ^mainly  voles 
(meadow  mice) ,  white-footed  field  mice  and  the  common  house 
mouse.  These  latter  are  directly  responsible  for  most  of  the 
thefts  of  grains,  seeds  and  tubers  commonly  laid  to  the  charge 
of  the  mole.  Conclusive  evidence  of  the  truth  of  this  state- 
ment will  be  found  in  another  part  of  this  bulletin.  It  is 
suflicient  to  state  here  that  the  presence  of  these  little  rodent 
pests  in  considerable  numbers  in  the  mole's  runways  can  easily 
be  demonstrated  by  the  use  of  small  traps. 


The  Mole's  Guests.      ( Original )      1 — Meadow  mouse    (Microtus).     2 — White-footed  mouse 
{Peromyscus) .     3r — Shrew   (Blarina).     4 — Common  house  mouse   (Mue  niusculus). 

Breeding.  Though  one  of  the  most  abundant  of  our  small 
mammals,  the  mole  is  a  slow  breeder.  This  would  be  ex- 
pected of  an  animal  withdrawn  from  the  strife  and  competition 
that  reddens  tooth  and  claw  in  the  world  above  his  secluded 
burrows.  As  will  be  seen  from  the  accompanying  table,  the 
number  of  young  at  a  birth  is  normally  four  and  but  one  litter 
is  produced  annually.  These  facts  were  ascertained  from  the 
examination  of  a  large  number  of  females  (101)  taken  in  all 
months  of  the  year.    Thirty-three  of  these  were  either  pregnant 
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or  gave  indisputable  evidence  of  having  recently  bom  their 
young.  The  first  specimen  of  this  latter  number  was  trapped 
February  27,  the  last  April  20. 

It  would  appear,  then,  that  in  this  vicinity  (Manhattan)  the 
young  are  produced  within  a  period  of  three  to  five  weeks, 
mainly  in  March  and  early  April.  The  period  of  gestation 
must  be  comparatively  short,  for  signs  of  pregnancy  did  not 
appear  until  about  five  weeks  before  the  first  females  gave 
evidence  of  having  borne  their  young.  My  data  on  this  point 
are  not  full  enough  to  warrant  a  positive  conclusion;  for,  of 
the  twenty-five  moles  trapped  during  the  months  of  December 
and  January,  and  up  to  February  27,  only  five  were  females. 
This  fact  itself  may  be  significant  of  a  period  of  seclusion  or 
less  activity  among  the  females  during  the  period  of  preg- 
nancy. 

While,  as  stated  above,  the  normal  number  of  young  is  four, 
there  were  two  cases  in  which  there  was  but  a  single  foetus  in 
one  horn  of  the  uterus;  the  other  horn  contained  two,  as  usual. 
In  one  instance  also  there  were  five  f oeti. 

That  development  after  birth  is  very  rapid  is  shown  by  the 
litter  of  young  moles  referred  to  in  the  last  item  in  the  ac- 
companying table.  These  were  discovered  in  a  nest  of  dry 
grass  under  some  sod,  April  22.  The  sod  had  been  turned 
over  by  the  plow  only  about  ten  days  previously.  Although 
still  perfectly  hairless^  these  young  moles  weighed  one  ounce 
each — ^from  one-fourth  to  one-third  the  weight  of  the  adult. 

Results  of  the  Examination  of  38  Female  Moles  for  Breeding  Conditions. 
Conditfons  for  breedinsr,  number  of  embryos*  etc. 

No  signs  of  pregnancy. 

No  signs  of  pregnancy. 

No  signs  of  pregnancy. 

No  signs  of  pregnancy. 

No  signs  of  pregnancy. 

Uterus  congested;  very  evidently  pregnant. 

Uterus  very  much  congested,  but  foeti  not  distinguishable. 

Uterus  very  much  congested,  but  foeti  not  distinguishable. 

Uterus  very  much  congested,  but  foeti  not  distinguishable. 

Three  foeti  in  one  horn  of  uterus,  two  in  the  other;  scarcely 
distinguishable. 

Pregnant.  Number  of  foeti  apparently  four;  scarcely  dis- 
tinguishable. 

Two  foeti  in  each  horn  of  the  uterus;  very  small. 

Pregnant,  but  number  of  foeti  not  distinguishable. 

Pregnant,  but  number  of  foeti  not  distinguishable. 


Date 

Dec. 

11, 

Dec. 

17, 

Feb. 

6, 

Feb. 

20, 

Feb. 

22, 

Feb. 

27, 

Feb. 

27, 

Feb. 

27, 

Mar. 

6, 

Mar. 

7, 

Mar. 

8, 

Mar. 

8, 

Mar. 

8, 

Mar. 

18, 
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Date.  Conditions  for  breeding,  number  of  embrjros,  ete. 

Mar.  22,  Pregnant,  but  number  of  foeti  not  distinguishable. 

Mar.  26,  Pr^;nant,  but  number  of  foeti  not  distingnishable. 

Mar.  29,  Pregnant,  but  number  of  foeti  not  distinguishable. 

Mar.  30,  Two  foeti  in  each  horn  of  uterus;  about  as  large  as  navy  bean. 

Mar.  30,  Two  foeti  in  each  horn  of  uterus;  about  as  large  as  navy  bean. 

Apr.    1,  Two  foeti  in  each*hom  of  uterus;  a  little  smaller  than  the  above. 

Apr.    2,  One  foetus  in  right  horn  of  uterus,  two  in  left;  size  of  hulled 
peanut. 

Apr.    8,  Indications  that  the  young  had  been  recently  bom. 

Apr.    9,  Two  foeti  in  each  horn  of  uterus;  size  of  navy  bean. 

Apr.  10,  Indications  that  young  had  been  recently  bom;  milk  in  glands. 

Apr.  11,  Three  foeti;  size  of  small  navy  bean. 

Apr.  18,  Four  foeti,  very  small  but  eaidly  distinguishable. 

Apr.  13,  Young  evidently  recently  bom;  uterus  flabby  and  veins  con- 
gested. 

Apr.  14,  Young  evidoitly  recently  bom;  number  of  foeti  had  been  four. 

Apr.  14,  Young  evidoitly  recoitly  bom;  number  of  foeti  had  been  foar. 

Apr.  14,  Young  evidoitly  recently  bom;  number  of  foeti  had  been  foar. 

Apr.  15,  Young  bom;  evidences  of  being  suckled. 

Apr.  16,  Young  evidently  bom. 

Apr.  17,  Young  bom.    Number  of  foeti  had  been  four. 

Apr.  17,  Young  evidently  bom.         • 

Apr.  19,  Young  evidently  bom. 

Apr.  20,  Young  evidently  bom. 

Apr.  20,  Young  evidently  bom. 

Apr.  22,  Four  young  moles  taken  in  nest;  weighed  one  ounce  each. 

SUMMARY. 

Number  of  females  pregnant  or  having  recently  borne  young ^ 

Normal  number  of  young,  apparently ^ 

Largest  number  of  young  in  any  case ^ 

Smallest  number  of  young  in  any  case ^ 

Number  of  cases  in  which  foeti  were  distinguishable. ^^ 

Cases  in  which  condition  of  uterus  indicated  number  of  young  recently 

bom  ^ 

Nests  of  young  moles ^ 

Cases  of  4  foeti ^ 

Cases  of  8  foeti ^ 

Cases  of  5  foeti ^ 

Food.  The  moles  and  the  shrews  constitute  the  sole  repre- 
sentatives in  North  America  of  the  mammalian  order  Insectiv- 
ora  (insect-eaters).  A  study  of  their  dentition,  the  character 
of  their  food,  and  their  general  behavior  in  several  respects, 
shows  that  they  are  much  more  closely  related  to  the  carniv- 
orous or  flesh-eating  mammals  than  to  the  rodents,  a  group 
which  includes  the  rats,  mice,  rabbits,  squirrels  and  the  1&^ 
This  is  especially  true  of  the  shrews,  which  are  quite  weasel- 
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like  in  character.  They  fight  savagely,  kill  and  eat  other  small 
mammals  larger  than  themselves,  and  when  angry  or  excited 
emit  a  musky  odor  like  the  weasel  and  the  mink. 


Comparative  dentition  of  a  carnivore,  a  rodent,  rnd  a  mole. 
(Adapted  from  D.  G.  ElUot.)  1— Skall  of  a  weaael 
{Put4>riuB).  2 — Skull  of  a  wood-rat  {Neotoma).  8 — Skull 
of  a  mole  (Sealops). 

It  has  long  been  known  to  scientists,  through  careful  study 
and  investigation,  that  the  diet  of  moles  consists  mainly  of  the 
insects,  grubs  and  worms  to  be  found  in  the  soil.  This  fact, 
however,  has  been  slower  in  gaining  popular  credence  than 
most  scientific  pronunciamentos.  In  another  part  of  this  bul- 
letin the  mole's  guests  have  been  called  to  account  for  the  gen- 
eral prejudice  which  has  arisen  against  him,  and,  again,  in 
this  connection,  let  it  be  understood  that  the  mole  is  directly 
responsible  for  only  a  very  small  portion  of  any  damage  to 
seeds,  grains  and  tubers  in  the  ground.    Field  mice,  voles  and 
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the  common  house  mice  are  the  sruilty  parties.  If  anyone  is 
skeptical  on  this  point  he  has  only  to  set  a  few  smsU  mouse 
traps,  properly  baited,  in  the  mole's  runways  and  await  re- 
sults. In  setting  the  trap  a  small  excavation  should  be  made 
with  a  knife  or  trowel.  Place  the  trap  on  a  level  with  the  bot- 
tom of  the  runway.  See  that  the  latter  is  open  both  ways,  and 
cover  the  excavation  with  a  board  or  piece  of  sod  to  exclude 
the  light  and  prevent  the  entrance  of  any  small  animal  ex- 
cept by  way  of  the  burrow.  Try  various  baits,  such  as  soaked 
com  or  peas,  bits  of  meat,  insects,  and  pieces  of  potato. 

With  respect  to  damage  to  roots  and  tubers  by  eating  into 
them,  it  will  usually  be  found  on  careful  examination  that  the 
tooth  marks  are  those  of  rodents. 


Potatoes  gnawed  by  rodents  following  in  mole  runways.     Original. 

Examination  of  Stomach  Content.  Direct  evidence  of 
what  an  animal  eats  may  usually  be  obtained  in  one  or  all  of 
three  ways:  By  examination  of  stomach  contents,  by  obser- 
vations in  the  field,  and  by  experiments  with  captives.  In  the 
case  of  the  mole  field  observations  are  of  course  impracticable. 
By  the  other  two  methods,  therefore,  we  have  endeavored  to 
satisfy  ourselves,  and,  we  hope,  others,  as  to  the  character  of 
a  mole's  diet.  The  accompanying  table  gives  the  results  of  the 
careful  examination  of  the  stomach  contents  of  100  moles. 
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Results  of  Examination  of  100  Moles'  Stomachs. 
^S^,  Stomach  Conwnts. 

1  '7  white  grabSy  20  ants,  2  centipedes,  1  wasp. 

2  2  white  grabs,  1  earthworm,  1  beetle. 

3  3  white  grabs,  2  earthworms,  5  Diptera,  beetle  fragments. 

4  8  white  grabs,  3  larva  (cutworms?),  1  beetle,  plant  rootlets. 

5  2  white  grabs,  beetle  fragments,  1  insect  larva,  plant  fibers. 

6  2  earthworms,  1  May  beetle,  1  plant  rootlet. 

7  2  white  grabs,  1  beetle  larva,  plant  fibers. 

8  5  white  grubs,  5  beetle  larve,  1    earthworm,  8    other   larvn,  1 

cricket,  fragments  of  vegetable  tissue. 

9  2  earthworms,  2  white  grubs,  2  larv»,  1  beetle,  plant  fibers. 

10  15  white  grubs  (small),  insect  fragments. 

11  5  earthworms,  1  white  grub,  1  centipede,  1  fly,  1  cricket,  1  pupa* 

rium,  insect  fragments. 

12  2  earthworms,  18  ants,  1  beetle  larva. 

13  3  earthworms,  17  ants,  2  puparia,  insect  fragments,  plant  fibers. 

14  2  white  grubs,  2  beetles. 

15  2  white  grubs,  1  beetle  larva,  2  beetles,  1  cricket,  1  ant,  8  centi- 

pedes. 

16  2  earthworms,  8  insect  cocoons,  insect  fragments. 

17  8  earthworms,  19  white  grubs,  plant  fibers. 

18  1  earthworm,  1  puparium,  1  spider,  1  larva,  plant  fibers. 

19  1  white  grub,  1  earthworm,  1  centipede,  828  ants,  8  beetles,  1  tree 

cricket,  plant  fibers. 

20  4  earthworms,  1  May  beetle,  1  tiger  beetle,  10  puparia,  2  beetle 

larvsB,  2  other  larve. 

21  1  beetle,  20  ants,  1  earthworm,  insect  fragments. 

22  1  white  grub,  8  cocoons,  6   larve,  1    beetle  (Carabid),   1    beetle 

(Scarabid),  plant  fibers. 

23  3  earthworms,  2  white  grubs,  2  centipede?,  5  ants,  1  May  beetle, 

1   other  beetle,  1   beetle  larva. 

24  1  earthworm,  1  centipede,  30  ants,  2  beetles,  1  beetle  larva. 

25  19  puparia,  1  earthworm,  16  ants,  1  beetle. 

26  5  earthworms,  6  puparia,  2  beetles. 

27  4  centipedes,  2  white  grubs,  4  beetles,  5  beetle  larvae. 

28  1  centipede,  2  beetle  larvae,  insect  fragments. 

29  1  white  grub,  2  ants,  1  beetle,  insect  fragments. 

30  2  white  grubs,  1  spider,  1  beetle,  1  May  beetle,  plant  fibers. 

31  1  beetle  (Chrysomelid),  1  cocoon,  1  puparium,  fragments  of  plant 

tissue. 

32  1  white  grub,  1  spider,  1  centipede,  insect  fragments,  fragments 

of  plant  tissue. 

33  1  May  beetle,  1  ant,  1  beetle. 

34  1  white  grub,  82  ant  puparia,  3  ants,  1  beetle,  1  beetle  larva. 

35  2  white  grubs,  1  spider,  1  beetle  larva,  insect  fragments. 

36  1  white  grub,  7  puparia,  1  centipede,  1  ant,  1  bug,  1  grasshopper, 

1  May  beetle,  1  tiger  beetle. 
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number.  Stomach  Contents. 

37  1  earthworm,  1  white  grub. 

38  1  beetle  (Carabid),  2  white  grubs,  2  larvae,  1  beetle  larva. 

89  4  earthworms,  1  white  grub,  10  cocoons,  1  centipede,  1  beetle 
(Carabid),  21  larvae. 

40  6  white  grubs,  1  beetle,  fragments  of  plant  rootlets. 

41  1  white  grub,  1  cocoon. 

42  2  beetle  larvae,  2  earthworms,  several  plant  fibers  and  rootlets. 

43  6  beetles,  3  beetle  larvae,  1  white  grub,  1  spider. 

44  1  beetle  larva,  1  pupa,  1  white  grub,  1  beetle,  1  earthworm. 

45  4  earthworms. 

46  3  earthworms,  15  small  beetle  larvae,  1  white  grub,  1  beetle,  frag- 

ments of  plant  tissue. 

47  1  white  grub,  insect  fragments,  1  seed  husk. 

48  12  earthworms,  1  beetle  larva,  2  white  grubs. 

49  4  white  grubs,  2  earthworms,  1  ant,  1  bug,  1  cocoon,  a  few  plant 

fibers. 

50  3  white  grubs,  beetle  fragments,  a  few  bits  of  plant  fiber. 

51  4  earthworms,  1  white  grub,  6  beetle  larvae,  1  wasp,  fragments  of 

plant  tissue. 

52  2  white  grubs,  1  spider,  1  larva,  insect  fragments. 

53  4  earthworms,  3  white  grubs,  2  beetle  larvae,  1  cricket,  1  centipede, 

a  few  plant  fibers. 

54  5  white  grubs,  1  earthworm,  15  beetle  larvae,  1  beetle,  1  cocoon  of 

eggs,  plant  fibers. 

55  6  earthworms,  7  white  grubs,  2  beetle  larvae,  1  beetle. 

56  6  white  grubs,  1  earthworm,  1  beetle  larva,  insect  fragments,  frag- 

ments of  plant  tissue. 

57  14  white  grubs,  2  beetle  larvae,  2  beetles,  20  small  larvae. 

58  2  white  grubs,  2  wasps,  1  beetle,  1  beetle  larva,  insect  fragments, 

1  seed  pod. 

59  5  white  grubs,  2  wireworms,  1  cricket,  1  wasp,  1  beetle,  3  beetle 

larvae,  7  puparia. 

60  4  white  grubs,  2  earthworms,  1  beetle,  1  centipede,  1  spider. 

61  12  white  grubs,  2  earthworms,  2  beetle  larvae,  1  beetle,  a  few  bits 

of  plant  tissue. 

62  26  white  grubs,  4  wireworms,  2  beetles,  1  centipede,  1  beetle  larva. 

63  2  puparia,  2  white  grubs,  2  beetles,  3  centipedes,  2  beetle  larvae. 

64  4  white  grubs,  1  beetle,  1  beetle  larva. 

65  2  earthworms,  2  beetle  larvae,  1  beetle. 

66  3  earthworms,  3  centipedes,  1  beetle,  1  puparium,  2  seed  husks. 

67  3  centipedes,  4  beetle  larvae,  2  beetles,  1  spider,  1  bit  of  plant  tissue. 

68  7  white  grubs,  1  earthworm,  1  spider,  1  wasp,  1  beetle  larva,  1 

beetle,  bits  of  plant  tissue. 

69  3  spiders,  1  beetle,  1  beetle  larva,  1  plant  rootlet. 

70  171  small  white  grubs,  3  large  white  grubs,  1  May  beetle,  1  beetle 

larva,  2  plant  rootlets. 

71  56  small  white  grubs,  1  grasshopper. 
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Serial 
number.  Stomach  Contbnts. 

72  Several  spiders,  8  beetle  larvsB,  1  earthworm,  1  wasp,  fragments  of 

several  beetles. 

73  3  beetles,  1  earthworm,  1  cocoon,  1  wasp,  3  beetle  larvae,  skin  of 

seed  or  root. 

74  1  cocoon,  1  spider,  1  cricket,  1  earthworm,  1  beetle  larva,  1  beetle, 

a  few  plant  fibers. 

75  4  earthworms,  8  puparia,  1  beetle,  1  cricket,  1  beetle  larva,  skin  of 

seed  or  root. 

76  1  earthworm,  1  spider,  1  May  beetle,  a  few  plant  fibers. 

77  1  earthworm,  7  beetle  larvae,  1  beetle,  miscellaneous  insect  frag- 

ments. 

78  3  beetles,  1  bug,  1  beetle  larva,  1  white  grub,  insect  fragments. 

79  4  white  grubs,  1  spider,  1  beetle,  2  beetle  larvae,  a  few  plant  fibers. 

80  12  white  grubs,  1  seed  husk,  a  few  plant  rootlets. 

81  44  insect  larvae,  1  beetle. 

82  73  white  grubs,  4  cutworms,  1  beetle,  1  larva,  1  seed  husk,  a  few 

plant  fibers. 

83  1  earthworm,  2  spiders,  3  beetles,  1  cricket 

84  250  ant  puparia,  2  beetle  larvae,  2  spiders,  2  beetles,  a  few  plant  root- 

lets. 

85  3  earthworms,  1  spider,  8  puparia,  2  beetle  larvae,  1  beetle. 

86  205  ants,  4  white  grubs,  38  cutworms,  2  beetles,  1  spider,  plant  fibers. 

87  2  earthworms,  1  puparium,  5  white  grubs,  1  spider. 

88  12  insect  larvae,  58  ants,  4  spiders,  1  hairworm  (Gordius),  3  beetles. 

89  3  cutworms,  60  ants,  1  beetle,  2  earthworms,  akin  of  seed  or  root 

90  1  earthworm,  1  centipede,  18  puparia,  1  beetle. 

91  10  cutworms,  1  spider,  1  beetle,  insect  fragments. 

92  5  white  grubs,  3  centipedes,  1  puparium,  1  cricket,  4  cutworms,  a 

few  plant  fibers. 
95      1  earthworm,  1  white  grub,  3  larvae,  skin  of  seed  or  root,  a  few 
plant  fibers. 

94  2  centipedes,  5  cutworms,  1  spider,  2  larvae,  skin  of  seed  or  root 

95  2  centipedes,  1  puparium,  comminuted  mass  of  insect  and  centi- 

pede fragments. 

96  3  white  grubs,  1  larva,  1  centipede,  1  beetle,  skin  of  grain  or  root 

97  4  white  grubs,  1  cutworm,  1  ant,  insect  fragments,  a  few  plant 

rootlets. 
'   98      3  earthworms,  2  centipedes,  3  larvae,  1  spider,  1  beetle,  1  puparium. 
99      2  earthworms,  1  white  grub,  2  centipedes,  insect  fragments. 
100       1  white  grub,  2  centipedes,  8  ants,  mass  of  beetle  fragments. 

SUMMARY  OF  TABLE. 

White  grubs 64  stomachs 

Earthworms   49 

Beetles 67 

Beetle  larvae  44 

Other  larvae    25 

Centipedes    25 
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Ants 19  stomachs 

Wasps    7  " 

Flies 2  " 

Plant  fibers  and  rootlets 43  " 

Seed  pods  or  husks 8  " 

Crickets    .' 10  " 

Insect  fragments 31  " 

Puparia   21  " 

Cocoons    -* 10  ** 

Spiders 23  " 

Grasshoppers    2  " 

Bugs  3 

Skin  of  grain  or  roots 6  " 

Hair-worm    1  " 

Number  of  stomachs  infested  by  parasitic  threadworms 28 

In  the  course  of  the  two  years'  investigations  concerning  the 
ways  of  the  mole  about  200  specimens  have  been  checked  up  on 
our  field  notes.  From  this  number  the  hundred  individuals 
given  above  were  selected  so  as  to  include  some  from  each 
month  of  the  year  and  to  exclude  any  whose  stomachs  were 
empty  or  nearly  so.  The  selections  had  no  reference  to  stom- 
ach content,  however,  for  they  were  made  before  examination 
of  the  latter. 

The  proportions  of  the  various  articles  of  food  do  not  vary 
with  the  season  as  they  do  in  the  case  of  birds,  for  in  some  form 
the  insects,  worms  and  grubs  listed  in  the  above  table  are  about 
as  abundant  in  the  soil  at  one  time  of  the  year  as  at  another. 
It  is  scarcely  necessary  to  add,  however,  that  these  supplies 
are  not  always  equally  accessible.  In  the  summer  when  the 
soil  is  wet  with  recent  rains  the  mole  plows  along  very  near 
the  surface,  extending  his  runways  rapidly  and  gathering  in  a 
harvest  of  insects  and  worms,  some  of  which  have  also  come 
nearer  the  surface  under  these  conditions.  In  dry  periods  or 
during  portions  of  the  winter  season  the  mole  must  range 
deeper,  for  his  prey  has  likewise  found  retreat  farther  down 
in  the  soil. 

No  attempt  has  been  made  to  compute  the  actual  percent- 
ages of  each  article  of  food  in  the  list  of  twenty  or  more  kinds 
given  in  the  table.  Such  figures  would  be  mere  approximations 
at  best.  The  end  in  view  in  the  examination  of  each  stomach 
was  to  discover  what  kind  of  creatures  or  substances  it  con- 
tained and,  by  noting  repetition  of  similar  parts  of  these  or- 
ganisms, how  many  of  each  kind. 
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While  plant  fibers  or  rootlets  show  up  in  forty-three  cases, 
in  no  case  was  the  amount  of  identifiable  plant  tissue  more 
than  might  have  been  taken  in  incidental  to  the  ingestion  of 
other  food.  In  many  of  the  stomachs  there  was  a  considerable 
residue  after  repeated  washings,  filterings  and  eliminations  of 
identifiable  substances.  This  residue  undoubtedly  consisted 
largely  of  soil  from  the  intestines  of  earthworms  and  finely 
comminuted  animal  and,  perhaps,  plant  tissues.  Even  though 
starch,  sugar  or  cellulose  might  be  detected  by  chemical  analy- 
sis, there  would  be  no  means  of  telling  how  much  of  this  might 
have  come  from  the  digestive  tracts  of  the  insects  taken  as 
food. 

Six  stomachs  contained  fragments  of  plant  tissue  which  may 
have  been  parts  of  the  seed  coat  of  com,  but  resembled  very 
closely  thin  bark  from  plant  roots. 

Experiments  with  Captive  Moles.  It  is  a  difficult  matter 
to  keep  a  mole  any  considerable  length  of  time  in  captivity. 
Altogether  we  have  had  more  than  a  score  under  observation 
for  a  short  time,  but  seldom  have  any  of  them  been  kept  alive 
for  more  than  a  day  or  two.  Either  fright  and  worry,  or  lack 
of  proper  food  in  sufficient  quantity,  soon  terminated  the  life  of 
each  captive.  They  have  always  been  kept  in  tubs  or  boxes 
with  a  layer  of  earth  several  inches  deep  on  the  bottom.  They 
were  supplied  with  water  and  with  food  of  several  kinds,  some 
of  which  they  would  eat  readily.  One  individual  survived  for 
nearly  two  weeks  and  seemed  to  grow  fat  and  sleek  under  the 
care  we  gave  him.    He  finally  died  of  too  much  kindness. 

These  imprisoned  moles  had  insatiable  appetites,  eating 
ravenously  bits  of  beefsteak  and  large  numbers  of  earth- 
worms. When  freshly  killed  English  sparrows  were  put  in  the 
cages  in  the  evening,  very  little  but  bones  and  feathers  would 
be  left  by  morning.  All  refused  to  touch  com,  potatoes  or 
sweet  potatoes,  except  the  individual  kept  so  long.  He  would 
eat  these  articles  with  some  apparent  relish,  although  he  went 
about  it  very  awkwardly.  Instead  of  nibbling  at  a  grain  of 
com  as  a  rodent  does,  he  would  crowd  it  against  the  ground 
with  his  cheek  and,  gaining  possession  of  it,  chew  it  in  the 
side  of  his  mouth  much  as  a  steer  chews  a  nubbin.  The  act 
or  drinking  water  from  a  shallow  dish  was  accomplished  hog 
fashion,  owing  to  the  considerable  projection  of  his  snout  be- 
yond the  aperture  of  the  mouth. 
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When  he  was  feeding  on  earthworms,  there  was  no  evidence 
of  any  attempt  to  first  strip  out  the  contents  of  the  worm's 
alimentary  canal,  as  has  been  reported  by  one  investigator. 
NATURAL  ENEMIES  AND  CHECKS. 

Birds.  Probably  no  mammal  on  the  North  American  conti- 
nent has  so  few  natural  enemies  as  the  common  mole.  Since  it 
probably  never  leaves  the  darkness  of  its  underground  burrows 
except  by  accident,  it  is  much  less  subject  to  attack  by  predatory 
animals  than  even  the  pocket  gopher  and  the  shrew,  whose 
habits  are  somewhat  similar  to  those  of  the  mole.  The  fol- 
lowing data  gleaned  from  "Hawks  and  Owls  of  the  United 
States,"  published  by  the  United  States  Department  of  Agri- 
culture, substantiates  the  above  statement  and  shows  how 
little  the  mole  has  to  fear  from  the  so-called  birds  of  prey : 

No.  of     Remains  of  Renwtns    Renwim 

Birds.  stomachs      common        of         of  pocket 

escamlned.       moles.      shrews,     sophen. 

Red-tailed  hawk  (Buteo  borealis) 562  6  46  8 

Red-shouldered  hawk  (Buteo  lineatus) . .  -220  3  40  0 

Broad-winged  hawk   (Buteo  latiesimus) ,  65  1  16  0 

Barred  owl  (Symium  nebulosum) 109  3  3  0 

Bam  owl  (Stnx  pratincola) 39  0  5  8 

Ten  other  hawks  and  owls  (all  that  had 

eaten  common  moles,  shrews,  or  pocket 

gophers)   1,131  0  35  14 

Totals..... 13  145  30 

In  the  above  comparison  it  should  be  borne  in  mind  that 
owls  disgorge  the  pellets  of  bones  and  hair  shortly  after  a 
meal.  If  to  the  figures  on  the  pocket  gopher  in  this  table 
should  be  added  the  large  numbers  of  those  animals  whose 
remains  are  found  about  the  nests  and  roosting  places  of  the 
bam  owl  and  great  homed  owl,  particularly,  the  total  would 
be  swelled  enormously.  Data  on  the  number  of  moles  and 
shrews  found  in  similar  situations  are  not  at  hand,  but  if  their 
remains  were  at  all  conspicuous  in  the  piles  of  disgorged  pel- 
lets the  matter  would  have  received  mention. 

Mammals.  The  investigator  has  known  personally  of  a  few 
cases  of  keen-scented  dogs  acquiring  the  habit  of  searching 
out  moles  in  fresh  runways.  The  dog's  sense  of  smell  served 
to  locate  the  mole,  which  was  then  pounced  upon  and  speedily 
brought  to  the  surface.  In  the  flies  of  the  Rural  New  Yorker 
is  found  a  short  article  by  a  subscriber  in  Missouri,  who 
claimed  to  have  several  dogs  that  were  adepts  |it  this  work. 
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These  dogs,  he  states,  were  a  cross  between  a  Scotch  collie  and 
a  prairie  wolf,  or  coyote.  This  and  other  evidence  at  hand 
goes  to  show  that  the  coyote,  with  his  stealthy,  skulking  ways 
and  his  inquisitive  nose,  probably  unearths  many  a  luckless 
mole  from  the  fancied  security  of  his  underground  burrow. 
Judging  from  their  general  habits,  it  is  probable  also  that  foxes  • 
and  badgers,  and  perhaps  skunks,  occasionally  add  moles  to 
their  bill  of  fare. 

Floods.  By  far  the  greatest  danger  that  manaces  the  adult 
mole  and  his  progeny  is  the  inundation  of  lowlands  by  heavy 
local  rains  or  the  waters  of  streams  passing  out  of  their 
banks.  Such  flooding  of  the  soil  is  of  comparatively  frequent 
occurrence  in  the  very  situations  where  moles  most  abound,  and 
probably  serves  more  than  all  other  things  combined  to  check 
inordinate  multiplication  of  the  species.  During  the  progress 
of  the  great  June  floods  in  1903  and  1908,  in  the  valleys  of  the 
Kansas  and  the  Blue  rivers,  moles  in  large  numbers  could  be 
found  along  the  railroad  embankments  and  in  the  driftwood 
that  had  lodged  against  the  piers  of  bridges.  What  percentage 
of  the  adults  perish  under  such  conditions  it  is  not  possible  to 
conjecture,  but  undoubtedly  earlier  spring  freshets  destroy 
most  of  the  young  on  the  flooded  grounds.  Certainly  many  of 
the  adults  survive  these  conditions,  for  they  are  good  swim- 
mers. On  one  occasion  I  captured  more  than  a  score  in  a 
single  drift  lodged  against  some  piers.  They  seemed  to  be  as 
vigorous  and  well  fed  as  when  taken  under  ordinary  circum- 
stances from  surface  burrows.  This  may  be  partly  accounted 
for  by  the  fact  that  the  drift  was  full  of  beetles  and  other  in- 
sects also  seeking  refuge  from  the  water.  Farmers  and  truck 
.growers  on  the  bottom  lands  have  reported  that  after  a  flood 
subsides  the  moles  and  pocket  gophers  are  not  long  in  regain- 
ing their  lost  ground. 

DAMAGE. 

Considered  from  the  standpoint  of  food  habits  alone,  it  has 
never  been  shown  that  the  mole  aflPects  detrimentally  the  in- 
terests of  the  farmer  and  gardener.  Indeed,  it  can  be  proven 
that  quite  the  reverse  is  true.  This  statement  will  receive 
further  consideration  under  the  next  heading.  When,  how- 
ever, the  mole  is  charged  with  disfiguring  lawns  and  parks, 
destroying  flower  beds,  tearing  up  the  roots  of  grasses  and 
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making  himself  a  general  nuisance  in  small  garden  plots,  he 
will  have  to  plead  guilty.  The  evidence  against  him  is  abun- 
dant and  direct. 

ECONOMIC  STATUS. 

In  dealing  with  a  mole  it  is  all  a  question  of  whether  or  not 
that  particular  individual  is  out  of  place.  The  mole  has  his 
place  among  the  forces  of  nature,  and  no  unimportant  role 
does  he  play.  One  of  the  most  abundant  of  small  mammals,  his 
kind  has  for  ages  been  working  over  the  soil  and  subsoil  in  the 
interests  of  plant  life.  Within  the  limits  of  his  normal  range 
it  is  almost  safe  to  say  that  every  square  yard  of  arable  land 
is  traversed  one  or  more  times  each  season  by  portions  of  his. 
extensive  runways.  A  part  of  this  work  is  visible  at  the  sur- 
face, but  much  of  it  is  not.  The  hoe,  the  plow,  the  cultivator 
strike  into  unsuspected  burrows  everywhere.  After  a  flood  haa 
subsided  on  lowlands  the  unequal  settling  at  the  surface  of  the 
ground  discloses  the  fact  that  the  soil  is  simply  honeycombed 
with  the  runways  of  the  mole  and' one  or  two  other  burrowing 
mammals.  This  tunneling  and  the  shifting  of  earth  particles 
permits  better  aeration  of  the  soil  and  favors  the  entrance  of 
water  from  the  surface.  It  also  mixes  the  soil  and  subsoil,  car- 
rying humus  farther  down  and  bringing  the  subsoil  nearer  the 
surface,  where  its  elements  of  plant  food  may  be  made  avail- 
able by  the  agencies  at  work  there.  As  an  oflPset  to  this  good 
work  of  the  mole  it  may  be  urged  that  the  earthworms,  which 
form  a  large  part  of  his  diet,  play  a  similar  part  in  the  econ- 
omy of  nature.  This  is  true;  but  who  knows  but  that  the 
earthworm,  which  lives  partly  upon  green  vegetation,  might 
become  a  terrible  scourge  if  the  mole  were  not  placed  as  a 
check  upon  its  increase.  Nature  preserves  the  balance  of 
power  very  nicely  in  the  animal  world. 

A  large  item  in  the  stomach  content  of  moles  is  made 
up  .of  white  grubs,  those  scourges  of  grass  and  other  valu- 
able plant  roots.  The  table  of  stomach  analyses  (on  pages 
17-18)  shows  that  nearly  two-thirds  of  the  moles  had  eaten 
white  grubs.  One  had  performed  the  astonishing  feat  of  eat- 
ing 175,  another  73,  and  another  55.  For  his  good  work  in 
destroying  grubs  alone,  therefore,  the  mole  deserves  much 
credit.  Among  the  beetles  also,  and  the  insect  larvse  in  general, 
which  form  a  considerable  part  of  the  mole's  food,  are  many 
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forms  that  are  injurious  to  agriculture.  On  the  other  hand, 
perhaps  the  bulk  of  the  beetles  were  of  those  ground  types  that 
are  predacious  in  habit  and  therefore  may  be  considered  either 
neutral  or  beneficial.  It  would  be  a  tedious  if  not  impossible 
undertaking  to  attempt  to  so  classify  these  beetles  as  to  deter- 
mine the  economic  status  of  each  individual  or  lot.  In  the  vast 
majority  of  cases  the  fragmental  character  of  the  remains  no 
more  than  served  to  distinguish  the  order.  The  spiders,  centi- 
pedes and  ants  listed  in  the  table  may,  as  far  as  present  knowl- 
edge goes,  be  reckoned  as  neutral  or  beneficial  in  their  relation 
to  agricultural  interests. 

The  proportionately  large  amount  of  food  consumed  by  a 
mole  in  a  given  time  serves  also  to  raise  him  in  the  rank  of  im- 
portance as  a  destroyer  of  noxious  insects  and  their  larvae.  A 
mole's  appetite  deems  to  be  insatiable.  Experiments  with  cap- 
tives show  that  they  will  usually  eat  voraciously  as  long  as  they 
are  supplied  with  food  to  their  liking,  often  consuming  more 
than  their  own  weight  in  a  day.  This  is  not  gluttony,  as  it 
is  sometimes  characterized.  The  tremendous  amount  of  energy 
expended  in  plowing  through  the  resistant  soil  requires  a  cor- 
respondingly large  amou-t  of  food  to  supply  that  energy.  That 
they  must  have  this  food  at  frequent  intervals  also  is  shown 
by  the  fact  that  a  mole  in  captivity  usually  starves  in  a  few 
hours  unless  supplied  with  nourishment. 

The  mole  is  one  of  nature's  forces  to  be  reckoned  with  by  the 
agriculturist  as  he  would  reckon  with  nitrogen-forming  bac- 
teria, the  birds  that  visit  his  fields  and  the  bees  that  pollinate 
his  fruit  blossoms.  If  the  individual  mole  is  not  out  of  place, 
mark  him  down  as  an  asset  and  proceed  accordingly.  If  he  is 
where  we  do  not  want  him,  we  are  privileged  to  set  swift  death 
on  his  track  in  the  form  of  traps,  poison  or  club.  For  this 
reason — ^that  a  mole's  presence  in  lawns,  small  garden  plots, 
parks  and  cemeteries  becomes  intolerable — a  line  of  experi- 
ments was  undertaken  to  determine  the  better  methods  of  get- 
ting rid  of  him  in  such  situations.  The  results  of  these  experi- 
ments follow. 

COMBATING  THE   MOLE. 

The  mole  seems  to  possess  a  natural  shrewdness  and  ability 
to  sense  danger  out  of  accord  with  the  life  of  seclusion  which 
it  leads.  The  common  rat,  from  long  association  with  man  and 
hereditary  knowledge  of  poisons  and  traps,  has  become  pro- 
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verbial  for  his  sagacity  and  cunning,  but  the  mole  is  almost 
his  peer  in  these  respects.  This  conclusion  has  been  reached 
after  dealing  intimately  with  the  mole  for  a  period  of  two 
years.  Like  experience  with  the  pocket  gopher,  an  animal  of 
somewhat  similar  habits,  has  demonstrated  the  fact  that  in 
this  comparison  he  is  stupidity  itself,  blundering  into  any  sort 
of  trap  laid  for  him  by  the  wiles  of  man. 

Trapping.  Trapping  is  the  surest  and,  so  far  as  my  experi- 
ence goes,  the  most  practical  method  of  getting  rid  of  moles.  I 
make  this  statement,  however,  without  intention  to  disparage 
the  utility  of  other  methods.  In  some  of  the  European  coun- 
tries villages  and  rural  communities  have  their  professional 
mole  catchers,  who  follow  the  business  for  a  livelihood.  Cor- 
respondence with  agricultural  societies  in  two  or  three  of  these 
countries  elicited  the  information  that  these  professional 
catchers  commonly  use  some  sort  of  a  trap  which  they  con- 
struct themselves.  These  traps  all  have  as  part  of  their 
mechanism  horse  hair  or  fine  wire  loops  which  are  drawn 
tightly  about  the  body  of  the  mole  by  the  release  of  a  pliant 
stick  bent  downward  when  the  trigger  is  set. 

There  are  a  number  of  excellent  mole  traps  on  the  market 
in  this  country,  any  one  of  which,  when  properly  handled,  will 
give  good  results.  All  the  different  makes  that  have  come  un- 
der my  notice  depend  upon  the  same  sort  of  mechanism  for  re- 
leasing the  spring;  namely,  a  broad  trigger-pan  intended  to  be 
placed  directly  over  a  depressed  spot  in  the  mole's  runway 
when  setting  the  trap.  The  raising  of  this  trigger-pan  as  the 
mole  again  upheaves  the  depressed  portion  of  his  surface  bur- 
row releases  the  contrivances  designed  to  kill.  The  latter  are 
of  two  tjrpes — sharp  spikes  which  impale  the  mole  when  driven 
into  the  ground  by  the  spring,  or  two  pairs  of  scissor-like  jaws 
which  close  firmly  across  the  runway,  one  pair  on  either  side  of 
the  trigger-pan.  The  arrangement  of  the  spring,  the  safety 
catch  and  otiier  details  of  individual  trap  construction  are  mat- 
ters of  secondary  importance. 

Plainly  the  efficiency  of  any  animal  trap  depends  upon  its 
being  so  constructed  as  to  adapt  itself  to  the  habits  of  the 
animal  it  is  designed  to  capture.  These  mole  traps  conform  to 
such  requirements  in  at  least  two  particulars — ^they  can  be  set 
without  exciting  the  animal's  suspicions  by  entering  or  intro- 
ducing anything  into  its  burrow  and  are  sprung  by  the  mole  in 
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TypcB  of  mole  traps.  1 — ^The  Side-eprins  trap.  2 — The  Wherry 
trap.  S— The  Reddiok  trap.  4— The  Chandler  (Heartley) 
trap.    6 — The  Out  o'  Sight  trap. 

following  its  natural  instinct  to  reopen  its  passageways  when 
trodden  down  by  passing  feet  or  otherwise  obstructed.  Suc- 
cess or  failure  in  the  use  of  these  devices  depends  largely  upon 
the  operator's  knowledge  of  the  mole's  habits  and  of  the 
machanism  of  his  trap.  To  set  a  trap  properly  one  should 
select  a  place  in  the  surface  runway  where  there  is  evidence  of 
fresh  work  and  with  the  toe  of  the  boot  firmly  compress  the 
ridge  at  one  spot.  If  the  trap  is  one  of  the  harpoon  or  im- 
paling types,  raise  the  spring,  set  the  safety  catch  and  push 
the  supporting  spikes  into  the  ground,  one  on  either  side  of  the 
runway,  until  the  trigger-pan  just  touches  the  earth  where  it 
was  trodden  down.    Now  release  the  safety  catch  and  allow 
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the  impaling  spike  to  be  forced  down  into  the  grround  by  the 
spring.  This  will  facilitate  their  penetrating  into  the  burrow 
when  the  trap  is  sprung  later.  Set  the  trap  and  leave  it,  tak- 
ing care  not  to  tread  upon  or  otherwise  disturb  any  other  por- 
tion of  the  mole's  runway.  In  setting  the  scissor-jawed  trap 
known  as  the  "Chandler"  (see  illustration,  page  25) ,  the  points 
of  the  jaws  are  forced  directly  into  the  mole's  runway  until 
the  trigger-pan  rests  upon  the  depressed  portion  as  before, 
_  and  the  levers  at  the  top  are  then 

pushed  apart  until  the  trap  is 
locked.  Care  should  be  taken  to  see 
that  the  trap  is  in  line  with  the 
mole's  runway  so  that  the  little 
animal  will  have  to  pass  through 
directly  between  the  jaws.    These 


The  Reddick  set  on  a  runway. 


The  Out  o'  Sifirht  set  on  a  runway. 


Settinir  the  Out  o'  Sight 
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have  already  cut  a  path  for  themselves  in  the  process  of  being 
spread  apart.  Another  trap  of  this  type,  the  "Out  o'  Sight" 
(see  illustraticm,  page  26),  has  a  very  strong  spring  and  must 
be  set  by  the  aid  of  the  foot  while  resting  on  a  firm  surface.  It 
is  then  secured  by  a  safety  hook  and  its  jaws  forced  into  the 
ground,  straddling  the  runway,  until  the  trigger-pan  touches 
as  in  the  other  traps.  As  the  jaws  of  this  trap  are  rather  short 
it  may  be  necessary  sometimes  to  scrape  oflf  some  of  the  grass 
and  dirt  on  the  top  of  the  mole  ridge  in  order  to  bring  the  trap 
down  nearer  to  the  actual  burrow.  Release  the  safety  hook  be- 
fore leaving  the  trap. 

It  is  useless  to  attempt  the  capture  of  moles  by  means  of 
small  steel  traps  or  the  ordinary  snap  mouse  traps  set  in  their 
runways.  This  fact  became  evident  in  trapping  for  mice  and 
other  guests  of  the  mole.  Scores  of  times  the  traps  were  care- 
fully introduced  into  the  burrows  and  the  small  excavation 
covered  with  sod  so  as  to  exclude  all  light.  The  results  were 
always  the  same :  scorning  the  bait  or  avoiding  the  unbaited 
trigger,  the  mole  would  plow  his  way  beneath  or  to  one  side  of 
the  trap  and  pass  on. 

Poisoning.  There  are  a  number  of  difficulties  in  the  way  of 
getting  measurable  results  in  experiments  having  to  do  with 
the  poisoning  of  moles.  The  method  used  in  conducting  these 
experiments  was  as  follows:  A  certain  number  of  fresh  run- 
ways— ^usually  twenty-five— were  selected  and  located  by  num- 
bered stakes.  Into  each  of  these  runways  the  poisoned  bait  was 
introduced  at  three  to  five  different  points  through  small 
openings  made  with  a  lead  pencil  or  sharpened  stick  of  about 
that  size.  These  openings  were  then  closed  with  a  clod  and 
the  exact  spot  marked  by  a  small  pot  label.  After  three  or 
four  days  a  careful  inspection  of  all  these  locations  was  made 
to  determine  whether  or  not  the  bait  had  been  taken  or  in  any 
way  disturbed.  The  runway  was  then  opened  up  for  a  foot  or 
two  in  each  direction  from  the  former  location  of  the  bait  and 
left  in  this  condition.  In  a  few  days  another  inspection  of  the 
runways  was  made  to  ascertain  whether  the  moles  were  still 
at  work,  as  would  be  evidenced  by  fresh  ridging  of  the  earth  or 
by  the  filling  up  of  that  portion  of  the  runway  left  open  as 
stated  above. 

Now  as  to  the  interpretation  of  results :  If  the  baits  were 
taken  wholly  or  in  part  there  would  be  no  means  of  telling 
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whether  they  were  eaten  by  the  mole  or  by  his  guests,  or 
even  whether  the  mole  had  a  chance  to  accept  or  refuse 
the  bait  before  it  was  taken  by  other  occupants  of  the  bur- 
row. The  fact  that  a  system  of  runways  showed  fresh 
work  after  poison  had  been  introduced  and  the  baits  taken 
was,  therefore,  no  evidence  that  the  particular  kind  of 
bait  was  not  suitable  for  the  purpose.  A  mole's  system  of 
runways  is  so  extensive  that  failure  to  retraverse  or  work 
that  part  of  it  under  observation  during  the  period  of  the  ex- 
periment would  not  be  positive  evidence  that  the  mole  had  been 
destroyed  by  the  poison.  Since  there  is  so  much  intersection 
of  burrows  that  it  is  difficult  to  determine  the  limits  of  each 
individual  mole's  system  of  runways,  continued  activity  in 
the  vicinity  of  a  spot  where  poison  had  been  put  out  would 
prove  nothing  more  than  that  there  was  at  least  one  mole  alive 
there  yet.  The  summary  of  more  than  a  thousand  records  of 
poisoning  operations  show  that  but  one  dead  mole  was  found. 

In  all  poison  experiments  strychnia  sulphate  was  used.  Va- 
rious baits  were  tried,  with  the  following  results  and  conclu- 
sions : 

Peas.  Peas  were  soaked  for  forty-eight  hours  in  a  solution 
of  one-eighth  ounce  of  strychnia  in  one  quart  of  soft  hot  water. 
Seventy-eight  per  cent  of  the  baits  were  taken,  probably  largely 
by  mice,  as  sixty  per  cent  of  the  runways  continued  to  be 
worked  by  moles.  This  is  undoubtedly  an  efficient  bait  for 
destroying  the  mice  that  follow  the  mole's  runways  in  newly 
planted  cornfields. 

Fresh  meat  Small  bits  of  beefsteak  were  poisoned  by  in- 
serting a  crystal  or  two  of  strychnia  into  small  slits  made  in 
the  bait  with  the  point  of  a  penknife.  About  the  same  per 
cent  of  baits  was  taken  as  in  the  case  of  the  peas,  but  a  few  of 
them  were  dug  up  from  the  surface.  There  is,  therefore, 
danger  of  poisoning  such  keen-scented  animals  as  dogs  and  cats 
by  the  use  of  these  meat  baits.  Forty-two  per  cent  of  the  run- 
ways treated  showed  fresh  work  after  the  close  of  the  experi- 
ment. 

Grasshoppers.  The  bodies  of  grasshoppers  were  poisoned 
in  the  same  manner  as  the  fresh-meat  .baits,  the  heads  of  the 
insects  having  first  been  pulled  off.  Sixty-one  per  cent  of  the 
baits  were  taken,  but  forty-four  per  cent  of  the  runways  con- 
tinued to  be  worked. 
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Raisins.  Raisins  were  poisoned  by  removing  the  seeds  and 
inserting  crystals  of  strychnia.  About  sixty  per  cent  of  these 
raisins  were  taken,  but  they  proved  to  be  the  most  efficient 
bait  tried.  Thirty-six  per  cent  of  the  runways  still  showed 
fresh  work,  however.  This  bait  is  recommended  by  the  de- 
partment of  botany  of  the  Michigan  State  Agricultural  Col- 
lege. 

Green  com.  Com  in  the  roasting-ear  stage  was  cut  from  the 
■cob  and  treated  with  a  poisoned  mixture  prepared  by  dissolv- 
ing an  ounce  of  strychnia  sulphate  in  a  pint  of  hot  water  and 
mixing  this  with  a  pint  of  thick  sugar  syrup.  This  bait  proved 
to  be  of  little  value,  for  in  seventy-six  per  cent  of  the  trials  it 
was  left  untouched.  In  the  remaining  cases  one-third  of  the 
runways  continued  to  be  worked. 

Com.  Com  soaked  over  night  and  then  treated  with  the 
poisoned  syrup  prepared  at  this  Station  for  prairie  dogs  gave 
largely  negative  results.  Seventy-five  per  cent  of  the  runs 
treated  continued  to  be  worked  by  moles.  Syrup  prepared  for 
pocket  gophers  was  used  on  soaked  com  as  bait  with  somewhat 
better  results,  about  fifty-six  per  cent  of  the  runways  treated  . 
showing  no  further  evidence  of  mole  operations. 

Catching  Alive.  If  one  cares  to  take  the  time  in  morn- 
ing or  evening  he  can  often  catch  a  mole  at  work  by  watching 
in  a  spot  where  fresh  burrowing  operations  have  been  noted. 
Approach  very  quietly  the  place  where  the  earth  is  being 
heaved  up  and  suddenly  strike  a  spade  into  the  ridge  behind 
the  animal  and  throw  it  out  on  the  surface.  If  no  spade  or 
other  suitable  implement  is  at  hand  stamp  the  burrow  down 
behind  the  mole  with  the  foot  and  then  subject  the  spot  di- 
rectly over  the  mole  to  like  treatment  or  dig  the  animal  out  by 
hand. 

When  watering  a  lawn  or  irrigating  a  garden  one  can  occa- 
sionally drive  a  mole  to  the  surface  by  permitting  a  stream  of 
water  from  hose  or  ditch  to  run  into  an  open  burrow  for  some 
time.  This  plan  is  not  usually  practicable,  however,  for  it 
entails  a  waste  of  water,  softens  up  spots  in  the  lawn  until 
i;hey  become  boggy,  and  may  result  in  flooding  a  cellar  through 
an  unsuspected  runway  following  along  the  wall. 

ROLUNG  THE  Lawn.  Repeated  leveling  of  the  mole  ridges 
on  a  lawn  by  means  of  a  suitable  roller  not  only  tends  to  dis- 
courage the  animals  from  making  any  further  inroads  on  the 
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premises,  but  prevents  that  injury  to  the  grass  roots  which 
would  otherwise  have  resulted,  and  makes  the  lawn  always  ap- 
pear sightly.  A  practical  and  substantial  roller  for  this  pur- 
pose may  be  made  of  cement,  with  gas-pipe  axle  and  handles. 
It  should  weigh  about  200  pounds. 


Types  of  lawn  rollers  made  of  cement,  with  gas-pipe  axle  and  frame.  The  form  f^ 
settinsT  the  cement  may  be  of  wood,  very  narrow  slats,  or  of  salvtknixed  iron.  In  the 
latter  case  the  form  may  be  left  on  the  roller.  The  dimensions  of  the  roller  ahoold  be 
about  20  inches  long  by  14  inches  in  diameter. 
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TREATING  SEED  CORN  TO  PROTECT  IT  FROM 
BURROWING  ANIMALS. 

For  several  seasons  the  Station  has  been  working  on  a  line 
of  experiments  to  determine  means  for  preventing  the  theft  of 
seed  com  in  the  ground.  A  preliminary  circular  or  bulletin  on 
the  subject  was  published  a  year  ago,  but  at  that  time  suflBcient 
progress  had  not  been  made  to  warrant  any  final  recommenda- 
tions. Since  the  mole  is  very  generally  charged  with  these 
thefts,  and  since  he  is  in  reality  accessory  to  the  crime — ^by 
constructing  highways  which  the  real  thieves  follow — ^the  re- 
sults of  this  seed  com  treating  can  be  very  properly  given  here. 

These  experiments  have  all  followed  one  of  three  lines — 
baiting  the  pests  some  days  in  advance  of  planting,  regular 
planting  of  poisoned  seed,  and  surface  coating  of  seed  with  ill- 
flavored  substances. 

Poisoned  Bait.  By  baiting  is  meant  the  introduction  of 
poisoned  grain  baits  into  the  mole  runways  through  small 
openings  made  with  a  stick.  This  puts  the  bait  where  it  is 
sure  to  be  found  and  minimizes  the  danger  of  its  being  taken 
by  birds  or  any  other  animals  than  those  for  which  it  was  in- 
tended. This  plan  also  tends  toward  conserving  the  mole  and 
destroying  the  mice,  for  the  former  is  exceedingly  suspicious 
of  poisoned  baits,  while  the  latter  will  accept  them  readily. 
The  sharp  stick  used  for  making  the  openings  through  the  roof 
into  the  burrow  should  be  no  larger  than  one's  finger.  Close 
this  opening  with  a  clod  after  dropping  in  the  kernels  of 
poisoned  grain.  Com,  wheat  or  Kafir  treated  with  the  poi- 
soned syrup  prepared  at  the  Station  for  destroying  pocket 
gophers  will  make  efficient  baits.  An  excellent  sjnnip  for 
poisoning  these  grains  may  also  be  made  as  follows:  Dissolve 
one  ounce  of  strychnia  sulphate  in  a  pint  of  hot  soft  water. 
Add  to  this  a  pint  of  thick  sugar  sjnnip  and  mix  the  two  by 
stirring.  Pour  enough  of  this  syrup  over  the  grain  to 
thoroughly  coat  it.  The  one-quart  mixture  prepared  as  above 
should  be  sufficient  for  a  half  bushel  of  grain. 

Poisoned  Seed.  An  exhaustive  series  of  tests  has  proven 
that  seed  com  intended  for  the  regular  planting  may  be 
poisoned  without  any  resulting  injury  to  its  germinating  quali- 
ties.    For  this  poisoning,  strychnia  sulphate  should  be  used. 
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As  will  be  seen  by  reference  to  the  table  on  page  35,  both 
arsenic  and  corrosive  sublimate  seriously  affect  the  viability  of 
the  seed.  If  the  com  can  be  planted  by  hand  it  may  be  treated 
with  either  of  the  poisoned  syrups  referred  to  above.  In  gar- 
den plantings  or  along  creek  bends  where  the  mole-mice  pest 
is  the  most  serious  this  method  of  planting  can  be  followed  to 
advantage.  The  seed  com  may  be  allowed  to  dry  after  treat- 
ing with  the  sjnnip,  but  if  planted  at  once  it  should  be  handled 
with  a  spoon. 

To  poison  seed  com  so  that  it  will  still  work  in  a  planter, 
dissolve  one  ounce  of  strychnia  sulphate  in  eight  quarts  of 
hot  water,  preferably  rain  water.  In  this  solution,  after  cool- 
ing, soak  one  peck  of  seed  for  forty-eight  hours,  using  as  a 
container  a  vessel  that  will  close  tightly  enough  to  prevent 
evaporation.  When  draining  the  com  at  the  end  of  the  period 
of  soaking  save  the  poisoned  water,  as  there  will  ordinarily  be 
enough  to  soak  a  half  peck  more  of  seed.  When  com  so 
treated  is  thoroughly  dried  it  will  return  to  its  former  bulk, 
will  have  its  germinating  qualities  unimpaired,  and  will  work 
in  a  planter  as  well  as  untreated  seed.  Field  experiments 
seem  to  indicate,  however,  that  if  heavy  rains  follow  shortly 
after  planting  the  poison  tends  to  leach  out  of  the  grain.  Un- 
der similar  conditions  the  surface  coating  given  by  the  poi- 
soned syrup  will  also  be  partially  washed  off. 

Coating  Seed  wifh  Offensive  Substances.  During  the 
past  two  seasons  an  extensive  series  of  tests  has  been  made  in 
treating  seed  com  with  various  ill-tasting  substances  calculated 
to  deter  burrowing  animals  from  taking  it.  The  results  in 
most  cases  have  been  negative;  that  is,  the  seed  was  usually 
taken  about  as  readily  as  though  it  had  not  been  treated  at  all. 
In  every  case  a  counted  number  of  kernels  of  treated  com 
were  put  out  in  not  less  than  twenty  different  locations  and  the 
trial  repeated  at  different  seasons.  All  locations  were  accu- 
rately marked  and  carefully  examined  at  regular  intervals. 
The  notes  show  that  none  of  the  substances  used  prevented  the 
kernels  of  corn,  or  a  portion  of  them,  from  being  eaten  or  car- 
ried off.  In  most  cases  the  com  was  introduced  directly  into 
surface  runways  through  an  opening  made  by  a  lead  pencil  or 
small  stick.  Field  plantings  of  treated  com  were  also  made  for 
two  seasons  on  lands  adjacent  to  small  creeks.  One  of  these 
plantings  was  entirely  taken  by  fox  squirrels  as  soon  as  the 
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young  plants  began  to  show  aboveground.  A  second  planting 
was  protected  from  a  like  fate  by  the  use  of  traps  and  shotgun, 
and  a  fairly  good  stand  of  com  secured. 

Experiments  with  about  a  dozen  live  spermophiles  (striped 
ground  squirrels)  kept  for  months  in  the  field  cage  shown  in 
the  illustration  on  this  page  demonstrated  that  these  little  ani- 
mals will  eat  some  of  the  com,  no  matter  how  it  has  been  pre- 
viously treated.  That,  too,  in  spite  of  the  fact  that  they  were 
given  untreated  com  to  eat  during  the  progress  of  the  experi- 
ments. When  the  freshly  treated  com  was  exposed  in  saucers 
or  trays  they  would  generally  eat  the  more  palatable  kinds  first. 
When  planted  in  plots  and  allowed  to  germinate  or  to  grow  to 
the  height  of  an  inch  or  two  they  would  dig  up  all  kinds  indis- 
criminately. 


The  field  emge  for  condnetins  experiments  with  captive  mammalB  at  the 
Kansas  State  Experiment  Station. 

The  results  of  the  tests  of  deterrent  substances  may  be  here 
briefly  summarized: 

Substances  Which  Have  Been  Found  to  Injure  the 
Germ  op  the  Seed.  Kerosene,  crude  petroleum,  copperas, 
crude  carbolic  acid,  fish  oil,  spirits  of  camphor  and  turpentine, 
when  used  in  sufficient  quantity  or  strength  to  impart  an  odor 
to  the  com,  seriously  injured  the  germinating  powers  of  the 
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grain.  To  treat  the  seed  with  any  of  these  substances  in  such 
small  quantity  or  dilute  form  as  not  to  injure  the  germ  is  a 
waste  of  time,  for  the  slight  taste  or  odor  imparted  is  soon 
dissipated  by  contact  with  the  soil.  Com  soaked  in  kerosene— 
an  oft  recommended  treatment — ^for  as  short  a  time  as  five 
minutes,  seriously  impaired  its  germinating  qualities. 

Substances  Not  Injurious  to  the  Seed,  but  of  no  Value 
OR  Not  Available.  Mixing  pulverized  gum  camphor  with  the 
dry  grain  and  storing  in  a  closed  vessel  for  some  days  has  been 
recommended  as  an  efficient  treatment.  The  results  were  en- 
tirely negative.  Little  or  no  odor  was  imparted  to  the  grain, 
and  when  the  latter  was  placed  in  mole  runways  it  was  readily 
taken.  Coating  the  com  with  a  thin  paste  of  red  lead  and 
water  has  been  recommended  for  protecting  it  against  crows. 
When  seed  thus  treated  was  placed  in  the  spermophile  cage, 
along  with  six  other  trays  of  com  that  had  been  coated  with 
deterrents,  that  subjected  to  the  red  lead  treatment  was  the 
first  to  be  eaten.  Pine  tar  was  used  in  some  of  the  experi- 
ments. It  has  a  strong  odor  but  leaves  the  grain  too  sticky  to 
work  in  a  planter. 

Substances  Which  May  be  Used  with  Some  Degree  of 
Success.  Coal  tar  makes  an  ideal  coating  of  a  rich  brown  color 
and  a  persistent  gassy  smell.  It  dries  nicely,  is  not  in  the 
least  sticky  when  dried,  and  will  therefore  work  well  in  a 
planter.  Wet  the  grain  with  a  little  warm  water  before  stir- 
ring in  the  tar.  A  tablespoonful  of  the  latter  will  be  sufficient 
for  a  peck  of  com.  The  mass  must  be  thoroughly  mixed  and 
then  dried  before  attempting  to  plant.  Mice  show  some  aver- 
sion to  com  thus  treated,  but  ground  squirrels  do  not  seem  to 
object  to  the  coating.  This  deterrent  is  generally  regarded  as 
effective  against  crows,  particularly  by  Eastern  farmers.  The 
Station  has  had  no  opportunity  to  test  the  matter.  Soaking 
com  in  strong  tobacco  decoction  for  twenty-four  to  forty-eight 
hours  gives  good  results  in  some  cases.  Of  course  the  grain 
must  afterwards  be  thoroughly  dried  if  it  is  to  be  planted  by 
machine.  It  will  still  have  a  strong  odor  and  will  not  be 
sticky.  The  decoction  was  prepared  by  steeping  a  pound  of 
ordinary  smoking  tobacco  in  eight  quarts  of  water.  This  will 
serve  for  soaking  a  peck  of  com. 
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Treatment  of  Seed  Com  with  Deterrents  and  Poisons. 
Germination  Table. 

(Avermge  germination  of  the  ten  varieties  of  cheek  or  untreated  eom  in  this  test 
about  95  per  cent.) 

No.  of 
Substance  used.  Treatment.  grains    Germi- 

teated.     nation. 

Kerosene   Com   surface-coated  just  before 

planting 600        74% 

Coal  tar 1  tablespoonf ul  to  peck.    Planted 

at  once 500        92 

Coal  tar 1  tablespoonful  to  peck.     Dried 

before  planting 1,100        95 

Zenoleum Com   surface-coated  just  before 

planting 400        93 

Zenoleum Com  sur&ce-coated  and  dried  be- 
fore planting 1,000        93 

Crow  repellent Com   surface-coated  just  before 

planting 200        94 

Crow  repellent Com  sur&ce-coated  and  dried  be- 
fore planting  800        94 

Red  lead  Com  surface-coated  with  paste  in 

water 500        96 

Tobacco   Decoction — 1%  oz.  to  1  qt.  water. 

Soak  36  hrs.;  dry 900    93 

Gopher  poison  Com   surface-coated  just  before 

plantins: 500        92 

Gopher  poison  Com  surrace-coated  and  dried  be- 
fore planting 1,000        96 

Strychnia  sulphate  .. .   %  oz.  to  1  qt  hot  water;  com 

soaked  48  hrs.;  dried 1,000        93 

Water Com  soaked  48  hrs. ;  dried  before 

plantinjf , . . .    1,000        93 

Arsenic    Com  wet  in  very  dilute  mucilage; 

powdered  with  arsenic 100        82 

Corrosive  sublimate  . . .   Com  soaked  in  1%  solution  for 

Ihr.;  dried 50        14 

Spirits  of  camphor. . . .   Com  soaked  in  spirits  for  24  hrs.; 

dried 100        00 

Pine  tar Com  surface-coated;  dried  before 

planting 100        92 

Crude  petroleum Com   surface-coated  just  before 

planting 100        18 

Fish  oil  Com   surface-coated  just  before 

planting 100        54 

Crude  carbolic  acid «.. .   Com   surface-coated  just  before 

planting 100        44 

Copperas  1  oz.  to  one  gallon  of  water;  com 

soaked  24  hrs.;  dried 100        79 

Moles  Following  the  Lister  Furrow.  In  connection 
with  the  report  on  treating  seed  com  it  may  be  well  to  give 
here  the  results  of  some  observations  on  the  mole's  alleged 
habit  of  following  in  the  bottom  of  the  listed  furrow.  There 
is  no  doubt  but  that  the  little  animal  is  guilty,  as  charged,  of 
following  a  course  by  preference  along  the  straight  trail  of 
freshly  loosened  earth  made  by  the  drill-shoe.  That  he  is 
seeking  out  the  seed  com  is  only  a  matter  of  inference  from 
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his  following  the  furrow.  The  truth  of  the  matter  is  that  it  is 
probably  the  white  grub  that  attracts  him,  not  the  com.  The 
presence  of  moles  in  rich  lawns,  garden  plots  and  along  creeks 
in  cornfields  is  a  symptom,  not  a  disease.  The  white  grub  is 
the  disease.  The  record  of  accurate  observations  on  a  twenty- 
acre  cornfield  in  Illinois  shows  an  average  of  over  thirty-four 
grubs  to  the  square  yard.  It  is  needless  to  say  that  this  field 
produced  but  little  com.  The  grub  eats  the  young  com  shoots 
before  they  are  up  and  attacks  the  root  system  at  any  time 
throughout  the  season. 

The  following  table  gives  the  results  of  careful  measurements 
and  counts  made  day  by  day  on  twenty  rows  of  com  in  rich 
ground  along  a  little  creek.  The  data  given  are  calculated  to 
show  to  what  extent  the  mole  traverses  or  crosses  the  lister 
furrow: 
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7 
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10 

8 

88 

4 

364 

10 

6 

70 

5 

354 

The  above  figures  give  the  greatest  totals  noted  at  any  one 
time.  After  heavy  rains  counts  and  measurements  would 
differ  from  these  figures.  Probably  nearly  the  entire  lengths 
of  the  rows  were  traversed  at  different  times.  The  injurious 
effect  of  the  mole's  running  under  the  young  com  shoots  was 
most  noticeable  in  the  dry  periods.  However,  the  number  of 
shoots  of  com  known  to  have  died  from  having  their  roots 
heaved  up  totaled  but  53. 
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Work  of  the  Deimrtment  of  Chemistry. 

A  large  part  of  the  work  of  the  Department  of  Chemistry  in  the  Ex- 
periment Station  is  in  codperation  with  other  departments,  by  contribating 
the  chemist's  point  of  view  in  planning  experiments,  and  in  making  the 
chemical  analyses  incident  to  investigations.  Among  these  investigations 
are:  Feeding  experiments,  conducted  by  the  Department  of  Dairy  Hus- 
bandry; experiments  touching  soil  fertility,  in  charge  of  the  Department 
of  Agronomy;  experiments  in  the  study  and  improvement  of  wheat  and 
alfalfa,  by  the  Departments  of  Agronomy  and  of  Botany,  and  experi- 
ments bearing  upon  the  methods  of  handling  and  storing  wheat,  conducted 
by  the  Department  of  Milling  Industry. 

Among  the  lines  of  work  more  completely  in  charge  of  the  D^Murtment 
of  Chemistry  are  certain  experiments  touching  the  composition,  digesti- 
bility and  nutritive  value  of  feeds;  milling  tests  of  wheat,  and  baking 
tests  of  flour;  the  collection  and  analysis  of  samples  of  soils,  typical  of 
the  various  regions  of  the  state;  the  inspection  and  analysis  of  fertilizeis 
sold  in  the  state  and  the  inspection  and  analysis  of  feeding  stuffs  sold  in 
the  state. 

Bulletins  are  issued  from  time  to  time  as  required,  or  as  the  results  of 
investigations  warrant.  These  may  be  obtained  without  charge  by  ad- 
dressing the  Director  of  the  Experiment  Station,  Manhattan,  Kan. 
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Fertilizers  and  Their  Use. 

BY 

J.  T.  WiLLARD,  Ckendst. 

G.  O.  SWAKS0N»  AaeUtarU  Chemiat 

R.  G.  WlLEY»  Aatiatant  ChemUt. 

The  use  of  commercial  fertilizers  in  Kansas  has  not  yet  at- 
tained any  extended  volume.  Under  the  provisions  of  an  act 
of  the  legislature  passed  in  1907,  and  printed  in  full  in  bul- 
letin No.  148,  the  Experiment  Station  is  charged  with  certain 
duties  in  connection  with  the  sale  of  fertilizers.  It  is  unlawful 
within  the  state  of  Kansas  to  sell,  offer  for  sale  or  possess  for 
sale  any  commercial  fertilizer  which  has  not  been  (^cially 
registered  by  the  Director  of  the  Experiment  Station  of  the 
Kansas  State  Agricultural  Ck>llege,  and  previous  to  registra- 
tion the  manufacturer  or  seller  of  any  brand  of  commercial 
fertilizer  is  required  to  submit  a  statement  of  its  guaranteed 
composition.  If  this  i3  satisfactory  to  the  said  Director,  he 
registers  the  fertilizer  upon  the  payment  of  a  registration  fee 
of  twenty-live  dollars  by  the  manufacturer  or  seller.  This  pay- 
ment is  once  for  all,  and  the  law  forbids  changing  the  guar- 
anteed composition  of  any  brand  of  fertilizer  after  it  is  reg- 
istered. This  is  to  protect  consumers  in  the  use  of  a  given 
brand  which,  if  changes  were  permitted,  might  be  found  quite 
unsatisfactory  at  later  dates.  Hence,  if  a  manufacturer  desires 
to  make  a  change  in  his  fertilizer  he  must  give  it  a  new  brand 
and  register  it  under  the  new  name. 

The  law  also  provides  that  the  Experiment  Station  chemist 
and  his  deputies  shall  make  inspection  of  fertilizers  sold  or 
offered  for  sale  in  the  state  of  Kansas,  and  shall  procure  sam- 
ples of  the  different  brands  registered  for  sale  in  the  state, 
that  they  may  be  analjrzed  for  comparison  with  the  guaranty 
of  the  manufacturer.  These  samples  are  obtained  from  lots 
actually  on  sale  and  are  not  specially  prepared  and  furnished 
by  the  manufacturer. 

(37) 
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The  exi)ense  of  inspection  and  analysis  is  met  by  means  of 
the  resristration  fees,  and  an  inspection  tax  of  twenty-five 
cents  per  ton  collected  by  means  of  tags  which  are  to  be  at- 
tached to  the  packages  of  fertilizer  or  delivered  with  bulk  lots. 
These  tags  must  be  obtained  from  the  Director  of  the  Experi- 
ment Station. 

The  law  went  into  effect  September  30,  1907,  and  this  bul- 
letin in  the  accompanying  tables  gives  the  results  of  analyses 
cf  the  samples  of  fertilizers  taken  up  to  June  30,  1909.  Com- 
paratively few  brands  of  fertilizers  have  been  registered,  and 
in  some  cases  these  have  not  been  found  in  the  market,  al- 
though the  entire  state  has  been  fairly  well  covered  in  the  in- 
spection. In  some  cases  small  quantities  of  fertilizers  had 
been  in  stock,  but  none  remained  at  the  time  of  the  inspector's 
visit.  The  observations  of  the  inspectors  would  indicate  that 
comparatively  small  amounts  of  commercial  fertilizers  are 
sold  in  this  state. 

The  results  of  the  analyses  of  the  inspection  samples  of  fer- 
tilizers collected  show  that  usually  the  amount  found  is  up 
to  that  guaranteed,  or  at  least  within  the  limit  of  one-fifteenth 
deficiency  tolerated  by  law.  In  a  few  instances,  however,  there 
is  a  considerable  deficiency,  indicating  a  possible  blunder  in 
compounding  the  particular  lot  of  fertilizer  sampled.  Com- 
paratively few  brands  of  fertilizers  are  registered  in  this 
state,  and  their  manufacturers  are  evidently  disposed,  on  the 
whole,  to  maintain  the  quality  of  their  goods  as  placed  upon 
the  market. 

TERMS  RELATING  TO  FERTILIZERS. 

Some  explanation  of  the  terms  used  in  connection  with  fer- 
tilizers seems  advisable  at  this  point,  especially  as  the  science 
of  chemistry  and  its  specific  terms  cannot  be  assumed  to  be 
understood  by  the  average  farmer  and  yet  are  indispensable-in 
discussing  or  comparing  fertilizers  and  soils,  as  well  as  many 
other  classes  of  substances  with  which  agriculture  is  concerned. 

When  one  consults  the  bulletins  upon  soils  or  fertilizers 
issued  by  most  experiment  stations  he  finds  the  expressions 
"potash,"  "phosphoric  acid,''  "nitrogen,"  "lime,"  "ammonia" 
and  others  in  common  use.  In  the  tables  presented  in  this 
bulletin,  while  these  terms  may  be  employed  at  times  in  stating 
the  composition  of  fertilizers,  the  significant  constituents  will 
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be  expressed  as  quantities  or  percentages  of  some  chemical 
element.  That  the  reader  may  understand  the  relation  be- 
tween this  mode  of  expression  and  the  older  one  which  is  in 
more  general  use,  and  may  have  a  basis  for  understanding  the 
limitation  and  value  of  each  as  a  mode  of  indicating  the  use- 
fulness of  a  fertilizer,  an  attempt  will  be  made  in  the  following 
paragraphs  to  present  the  matter  in  an  elementary  way  in  the 
hope  that  even  those  who  have  had  no  opportunity  to  study 
chemistry  may  grasp  the  essential  ideas. 

When  the  chemist  investigates  the  various  substances  of 
which  the  air,  earth,  rocks,  water,  plants,  animals,  etc.,  consist, 
he  finds  that  most  of  these  are  compound  in  character;  that  is, 
by  suitable  chemical  treatment  he  can  decompose  them  into 
other  substances.  If  this  process  of  decomposition  be  con- 
tinued to  a  suflScient  extent  he  finally  may  obtain  substances 
which  are  incapable  of  further  decomposition  by  him.  These 
simple,  undecomposable  substances  are  the  chemical  elements. 
Many  of  these  are  well  known,  such  as  iron,  copper,  gold,  silver, 
lead,  tin,  zinc  and  sulphur.  Oxygen  and  nitrogen  are  elements 
which  make  up  nearly  the  entire  bulk  of  the  air.  Hydrogen  is 
an  element  of  which  water  contains  11  per  cent,  the  remainder 
being  oxygen. 

Phosphorus  is  an  element  that  is  not  frequently  seen  in  com- 
mon life  and  does  not  occur  as  such  naturally.  It  is,  however, 
readily  prepared  by  l^ie  chemist.  Carbon  is  the  element  which 
is  most  typical  of  the  substances  of  which  plants  and  animals 
consist,  and  when  these  are  strongly  heated  without  free  access 
of  air  a  residue  of  carbon  with  small  amounts  of  mineral  sub- 
stances is  left  as  a  soft  black  substance  known  as  charcoal. 
The  hydrogen  and  nitrogen,  and  a  portion  of  the  carbon  and 
other  elements,  will  have  been  expelled  in  the  form  of  volatile 
substances.  The  element  carbon  not  only  occurs  in  the  form  of 
charcoal  but  also  in  the  diamond,  and  in  graphite,  the  material 
used  in  the  preparation  of  lead  pencils. 

Sodium,  potassium  and  calcium  are  important  metals,  which 
are,  however,  never  found  in  the  uncombined  state  naturally, 
but  can  be  separated  from  the  compounds  in  which  they  occur 
by  suitable  chemical  processes.  Chlorine  is  a  gas  which  also  is 
found  in  nature  only  in  combination.  It  is  one  of  the  constitu- 
ents of  common  salt,  the  metal  sodium  being  the  other  con- 
stituent. 
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It  will  be  seen  that  most  of  the  substances  named  above  as 
elements  do  not  occur  as  such  in  nature.  As  we  study  chem- 
istry we  find  that  there  is  a  considerable  tendency  for  elements 
to  combine  in  pairs;  for  example,  common  salt  consists  of  so- 
dium and  chlorine,  water  of  hydrogen  and  oxygen,  lime  of 
calcium  and  oxygen,  sulphur  trioxide  of  sulphur  and  oxygen, 
phosphorus  pentoxide  of  phosphorus  and  oxygen.  In  fact, 
there  is  a  large  class  of  compounds  known  as  oxides  each 
member  of  which  consists  of  oxygen  combined  with  another 
element.  Furthermore,  it  has  been  found  that  many  compounds 
are  of  such  composition  that  they  may  be  regarded  as  formed 
by  the  union  of  two  oxides ;  thus  water,  a  compound  of  oxygen 
and  hydrogen,  will  combine  with  sulphur  trioxide,  a  compound 
of  oxygen  and  sulphur,  to  form  sulphuric  acid,  which  therefore 
contains  hydrogen,  sulphur  and  oxygen.  Chemists  have 
adopted  certain  sjmibols  to  represent  in  some  sense  the  chem- 
ical elements.  These  symbols  suggest  not  only  the  name  of  the 
element  but  they  have  a  quantitative  meaning — ^that  is,  they 
indicate  the  relative  weights  of  the  substances  in  a  compound. 
The  sjmibol  H,  for  example,  indicates  hydrogen ;  0,  oxygen ;  S, 
sulphur;  P,  phosphorus,  but  the  relative  weights  implied  by 
these  symbols  are  1, 16, 12, 32  and  31,  respectively.  It  has  been 
found  that  if  certain  relative  weights  are  thus  assumed  to  be 
represented  by  the  symbols  of  the  elements  comparatively 
simple  expressions  known  as  formulas  can  be  used  to  designate 
their  composition.  This  may  be  illustrated  to  a  certain  extent 
with  the  hope  of  giving  the  reader  some  idea  concerning  the 
meaning  of  chemical  formulas  without  expecting  him  to  com- 
pletely understand  the  reasons  for  them.  The  relative  weights 
assumed  to  be  signified  by  these  chemical  symbols  are  known 
in  chemistry  as  the  atomic  weights,  and  are  believed  to  have  a 
fundamental  connection  with  the  actual  structure  of  matter. 
It  has  been  found,  however,  that  chemical  compounds  cannot 
all  be  accounted  for  by  assuming  that,  in  the  combination  of 
elements  to  form  compounds,  the  quantities  entering  into  the 
combination  are  always  in  the  same  relation  as  the  so-called 
atomic  weights.  It  is,  however,  always  possible  to  represent 
the  compound  by  assuming  that  the  elements  enter  into  it  in 
relatively  simple  multiples  of  the  atomic  weights.  These  ideas 
may  be  illustrated  by  means  of  a  few  examples.  The  combin- 
ing weights,  or  atomic  weights,  of  all  of  the  elements  with 


Digitized  by  VjOOQIC 


Sept.  1910.]  Fertilizers  and  Their  Uses.  43 

which  we  shall  be  concerned  in  this  bulletin  are,  in  round 
numbers : 

Hydrogen,  H,  1.       Potassium,  K,  39.  Sulphur,  S,  32. 

Oxygen,  0,  16.  Calcium,  Ca,  40.  Phosphorus,  P,  31. 

Nitrogen,  N,  14.       Magnesium,  Mg,  24.     Chlorine,  CI,  35.5. 
Sodium,  Na,  23.        Carbon,  C,  12. 

In  using  these  symbols  and  atomic  weights  to  indicate  sub- 
stances produced  by  the  combination  of  these  elements  we 
write  the  sjmabols  of  the  elements  entering  into  the  compound 
side  by  side,  and  if  more  than  one  atomic  weight  of  any  ele- 
ment is  to  be  represented  a  small  figure  is  placed  to  the  right 
and  somewhat  below  the  symbol.  There  is,  for  example,  a 
compound  of  potassium  and  chlorine  known  as  potassium 
chloride.  If  this  compound  be  carefully  analyzed  it  is  found  to 
contain  the  metal  potassium  and  the  nonmetal  chlorine  in  the 
ratio  of  39  to  35.5.  We  may  therefore  adopt  the  formula  KCl 
as  representing  potassium  chloride,  not  only  as  showing  the 
chemical  elements  of  which  it  consists  but  also  their  relative 
amounts,  since  "K"  is  always  to  be  understood  as  representing 
a  relative  quantity  of  39  and  "CI"  one  of  35.5.  The  metal 
calcium  also  forms  a  compound  with  the  nonmetal  chlorine. 
Chemical  analysis  shows  that  in  this  tl\e  relative  amounts  of 
calcium  and  chlorine  are  40  and  71 ;  that  is,  we  have  with  one 
combining  or  atomic  weight  of  calcium  two  atomic  weights, 
2  X  35.5,  of  chlorine.  We  can  represent  this  compound  both  as 
to  the  kinds  of  elements  of  which  it  consists  and  their  relative 
amounts  by  the  formula  CaClj,  in  which  Ca  indicates  a  relative 
weight  of  40  and  CI  a  relative  weight  of  35.5,  and  the  ,  shows 
that  this  last  is  taken  twice.  This  mode  of  indicating  the  quan- 
titative composition  of  compounds  may  seem  at  first  to  be 
roundabout  and  cumbrous.  It  is,  however,  in  the  direction  of 
simplicity,  as  relatively  simple  formulas  indicate  compounds 
the  composition  of  which  could  not  be  represented  simply  by 
percentages.  And,  moreover,  by  this  system  very  simple  rela- 
tions are  found  to  exist  among  the  different  classes  of  com- 
pounds. Thus  it  will  be  seen  that  there  is  a  simple  relation 
between  potassium  chloride,  KCl,  and  calcium  chloride,  CaClg- 
In  the  latter  there  are  two  combining  weights  of  chlorine  for 
one  combining  weight  of  the  calcium,  while  in  the  former  there 
is  one  combining  weight  of  the  chlorine  for  one  of  the  potas- 
sium.   If  we  should  express  these  compounds  in  percentages 
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we  would  have  in  the  potassium  chloride  52.3  per  cent  of  po- 
tassium and  47.7  per  cent  of  chlorine,  and  in  the  calcium 
chloride  36  per  cent  of  calcium  and  64  per  cent  of  chlorine, 
figures  which  do  not  give  any  hint  of  the  simple  relation  ex- 
isting between  the  two  compounds  in  respect  to  the  amount  of 
chlorine.  Throughout  the  whole  realm  of  chemistry  the  repre- 
sentation of  chemical  compounds  and  their  relations  among 
each  other  is  brought  out  only  when  the  symbols  of  the  ele- 
ments are  at  the  same  time  taken  to  indicate  a  definite  quan- 
titative composition  represented  by  the  atomic  weights  taken 
one  or  more  times  as  the  formula  may  indicate. 

As  indicated  above,  it  was  early  noticed  that  elements  tended 
to  combine  in  pairs  and  that  the  compounds  so  produced  might 
combine  with  other  compounds.  We  may  illustrate  this 
further.  Calcium  and  oxygen  combine  in  the  ratio  of  40  of 
calcium  to  16  of  oxygen  to  form  the  common  compound  lime- 
that  is,  quicklime.  As  the  numbers  in  this  ratio  are  the  same 
as  those  given  above  for  the  combining  weights  the  formula  of 
the  compound  is  CaO.  This  formula  represents  that  calcium 
and  oxygen  are  combined  in  the  ratio  of  40  to  16  by  weight 
just  as  definitely  as  if  the  fact  were  stated.  Sulphur  and  oxy- 
gen form  the  compound  sulphur  trioxide,  the  relative  amounts 
of  sulphur  and  oxygen*being  32  and  48,  respectively.  The  com- 
bining weight  of  sulphur  being  32,  and  of  oxygen  16,  one-third 
of  48,  we  must  represent  sulphur  trioxide  by  the  formula  SO,. 
Lime  and  sulphur  trioxide  will  combine  together  to  form  the 
compound  calcium  sulphate.  In  this  the  relative  amounts  of 
calcium,  sulphur  and  oxygen  are  40,  32  and  64,  respectively, 
and  hence  it  may  be  represented  by  the  formula  CaS04.  This 
formula  it  will  be  seen  is  equal  to  CaO  and  SOs  added  together. 
In  an  earlier  stage  of  chemical  science  this  was  written 
CaOySOs.  This  emphasized  the  idea  held  at  that  time  that 
chemical  compounds  in  general  are  formed  by  the  union  of  two 
things.  In  this  case  the  two  were  CaO,  lime,  and  SOg,  sulphur 
trioxide,  or,  as  it  was  then  called,  sulphuric  acid. 

Let  us  take  another  example.  Phosphorus  and  oxygen  com- 
bine to  form  phosphorus  pentoxide.  In  this  the  ratio  of  phos- 
phorus to  oxygen  is  as  62  is  to  80.  As  the  atomic  weights 
of  phosphorus  and  oxygen  are  31  and  16,  respectively,  the 
formula  of  phosphorus  pentoxide  is  found  by  dividing  62  by  31, 
and  80  by  16,  and  is  thus  P2O5.    This  substance  in  the  early 
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part  of  the  last  century  was  called  phosphoric  acid.  Calcium 
oxide,  or  lime,  and  phosphorus  pentoxide,  or  "phosphoric  acid," 
are  capable  of  uniting  together  to  form  the  compound  calcium 
phosphate,  in  which  the  relative  amounts  of  calcium,  phos- 
phorus and  oxygen  are  120,  62,  and  128,  respectively.  If  these 
numbers  be  divided  by  the  atomic  weights  of  those  elements  we 
obtain,  as  the  formula  for  calcium  phosphate,  CajP^Oa.  It  will 
be  seen  that  in  composition  this  is  equivalent  to  three  of  cal- 
cium oxide  plus  one  of  phosphorus  pentoxide,  and  this  relation 
may  be  brought  out  by  writing  the  formula  3CaO,P205 ;  that  is, 
the  compound  may  be  said  to  consist  of  "lime"  and  "phosphoric 
acid,"  to  use  the  old  terms,  or  calcium  oxide  and  phosphorus 
pentoxide,  if  the  modem  names  be  used.  Without  going  into 
details,  it  may  be  stated  that  by  this  old  system  potassium  phos- 
phate would  be  represented  as  3K20,P205.  The  name  "potash" 
was  given  to  the  potassium  oxide,  KjO,  but  unfortunately  the 
term  is  also  applied  to  other  compounds.  Common  saltpeter 
contains  potassium,  nitrogen  and  oxygen,  and  the  relative 
amounts  of  these  elements  are  39, 14  and  48,  respectively,  num- 
bers corresponding  to  the  atomic  weights,  excepting  that  in  the 
case  of  oxygen  it  is  three  times  as  great.  We  therefore  give  the 
substance  the  formula  KNOg.  If  this  be  multiplied  by  2, 
making  K^NjO,,  it  will  be  seen  to  be  equivalent  to  KjCNjOg. 
In  the  early  days  previously  referred  to,  N2O5  was  known  as 
nitric  acid,  and  this  substance  was  said  to  consist  of  "potash" 
and  "nitric  acid."  In  a  similar  way  Chili  saltpeter,  now  repre- 
sented by  the  formula  NaNOj,  was  given  the  formula 
Na,0,Nj05,  and  calcium  nitrate,  the  old  name  for  which  was 
nitrate  of  lime,  now  given  the  formula  CaN^O,,  or  CaCNO,),, 
was  represented  as  CaO,N205. 

By  studying  the  old  formulas  as  given  above  it  will  be  seen 
that  each  of  them  is  twofold  in  its  nature  and  represents  an 
oxide  of  a  metal  and  an  oxide  of  a  nonmetal,  and  that  these 
oxides  occur  fn  the  different  substances;  thus  CaO,  "lime,"  is 
represented  as  present  in  the  calcium  sulphate  and  calcium 
phosphate  and  calcium  nitrate;  the  "phosphoric  acid,"  P2O5, 
was  represented  as  present  in  potassium  phosphate  as  well  as 
calcium  phosphate  and  others;  "potash,"  KjO,  was  in  potassium 
phosphate,  potassium  nitrate,  etc. ;  nitric  acid,  N2O5,  is  present 
in  calcium  nitrate,  potassium  nitrate  and  sodium  nitrate.  It  will 
be  seen  that  this  binary  system  possesses  some  obvious  advan- 
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tages  and  that  it  is  possible  to  speak  of  a  series  of  substances 
as  containing  "lime,"  another  series  as  containing  "phosphoric 
acid,"  another  "potash,"  another  "sulphuric  acid,"  etc.  This 
system  of  thought  and  method  of  stating  results  was  used  so 
much  in  connection  with  the  analysis  of  soils,  rocks  and  fer- 
tilizers during  the  last  century  that  a  large  mass  of  material 
was  accumulated  in  which  the  results  of  the  analyses  are  ex- 
pressed in  these  old  terms. 

However,  with  the  progress  of  chemical  science  the  views 
concerning  the  nature  of  chemical  compounds  have  changed 
radically,  and  many  of  the  names  used  above  are  no  longer 
used  in  that  sense  in  the  systematic  science  of  chemistry.  The 
young  student  of  to-day  studies  an  entirely  different  substance 
than  P^Og  under  the  name  of  "phosphoric  acid";  "sulphuric 
acid"  in  modem  language  is  not  SO3;  "nitric  acid"  is  not 
NgOa ;  "potash"  is  not  KjO ;  and  hence  the  students  of  chem- 
istry in  our  high  schools  and  colleges  to-day  require  special  in- 
struction in  order  to  enable  them  to  understand  the  antiquated 
expressions  used  in  describing  the  composition  of  soils  and  fer- 
tilizers. It  seemed  to  those  concerned  in  drafting  the  fertilizer 
law  for  the  state  of  Kansas  that  the  only  proper  thing  was  to 
apply  to  fertilizers  the  system  of  naming  used  throughout  the 
science  of  chemistry  in  almost  every  relation;  that  it  should 
be  placed  abreast  of  the  times  and  not  start  with  a  system  of 
naming  that  has  long  been  out  of  date  and  presents  many 
complications  and  inconsistencies  not  yet  brought  out  here. 
Hence  the  law  specifies  that  the  composition  of  fertilizers  shall 
be  stated  in  terms  of  the  elements;  that  is,  the  amounts  of 
potassium,  phosphorus,  nitrogen,  etc.,  are  to  be  stated  rather 
than  "potash,"  "phosphoric  acid,"  or  "ammonia."  The  prob- 
lem is  a  difficult  one  to  argue  in  a  way  intelligible  to  one  who 
has  not  studied  chemistry,  but  some  of  the  embarrassments  of 
the  old  system  will  be  presented  in  as  simple  a  manner  as 
possible. 

In  the  examples  given  above  it  is  obviously  possible  to  ex- 
press the  percentage  of  "potash",  Kfi,  "lime",  CaO,  "phos- 
phoric acid",  P2O5,  etc.,  because  in  a  sense  each  of  those  sub- 
stances may  be  said  to  be  present  in  the  examples  cited.  There 
are,  however,  compounds  used  in  fertilizers  in  which  this  is 
impossible.  One  of  the  important  substances  containing  potas- 
sium used  in  fertilizers  is  potassium  chloride,  which  contains 
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potassium  and  chlorine  only,  and  has  the  formula  KCl.  It  is 
obvious  that  in  no  way  can  this  be  represented  as  containing 
KjO,  since  it  is  free  from  oxygen.  It  cannot  in  any  sense  be 
said  to  contain  "potash,"  KgO,  yet  by  the  old  system  of  stating 
the  composition  of  fertilizers  the  analyst  will  report  KCl  as 
containing  a  certain  percentage  of  "potash."  What  he  really 
does  in  this  case  is  to  calculate  from  the  results  of  his  analysis 
the  amount  of  "potash,"  K^O,  that  would  contain  as  much  of 
the  element  potassium,  K,  as  he  finds  in  the  fertilizer  analyzed. 
The  potassium  found  is  equal  in  amount  to  that  in  the  "potash" 
reported,  and  in  a  sense  may  be  said  to  represent  that  amount 
of  "potash."  However,  the  oxygen  is  not  there  in  that  case,  it 
is  not  the  constituent  which  gives  value  to  those  potassium 
compounds  which  contain  it,  and  it  is  far  more  logical  to  state 
the  percentage  of  the  particular  elements  in  which  we  are  in- 
terested than  to  calculate  the  amount  of  some  other  compound 
which  may  or  may  not  be  represented  in  the  fertilizer  and 
which  is  certainly  not  present  as  such  any  more  than  the 
potassium  is  present  in  the  free  and  metallic  state. 

In  the  case  of  nitrogen,  matters  are  in  some  states  still 
worse,  if  possible.  The  nitrogen  of  fertilizers  is  present  in 
various  classes  of  compounds,  among  which  are  ammonium 
salts,  nitrates,  and  the  organic  nitrogenous  substances  found 
in  plants  and  animals.  In  stating  the  results  of  the  analysis  of 
a  fertilizer  it  is  the  practice  of  some  to  ascertain  the  percent- 
age of  nitrogen  and  then  to  calculate  the  ammonia  which  if 
present  would  contain  an  amount  of  nitrogen  equal  to  that 
found  by  the  analysis.  The  fertilizer  is  then  reported  to  con- 
tain that  much  "ammonia."  In  point  of  fact  it  not  only  does 
not  contain  ammonia,  but  in  many  cases  it  contains  no  com- 
pounds of  ammonia,  but  instead  nitrates  and  organic  nitrog- 
enous compounds.  Reporting  the  results  as  "ammonia"  is 
therefore  wholly  artificial,  and  is  misleading  in  that  the  pur- 
chaser is  given  the  wrong  idea  if  he  obtains  any  idea. 

The  question  of  the  advisability  of  abandoning  the  old  sys- 
tem of  expressing  the  results  of  the  analysis  of  fertilizers  and 
soils,  and  substituting  one  in  harmony  with  the  later  views 
that  have  dominated  chemistry  for  over  half  a  century,  is  one 
that  has  been  discussed  warmly  at  meetings  of  chemists,  and 
thus  far  no  unanimity  of  view  has  been  attained.  Those  who 
are  accustomed  to  the  old  system  dislike  to  adjust  themselves 
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to  a  new  one.  They  claim  that  it  will  be  confusing  to  farmers. 
It  may  be  conceded  that  farmers  who  have  become  accus- 
tomed to  the  old  system  may  have  difficulty  in  adapting  them- 
selves to  a  new  one,  but  in  point  of  fact  comparatively  few 
farmers  understand  the  old  system  except  that  they  have  seen 
certain  figures  representing  percentages  set  opposite  the 
words  "potash,"  "phosphoric  acid"  and  "anunonia."  The 
words  mean  nothing  except  as  a  means  of  identifying  certain 
figures.  If  the  results  were  reported  in  terms  of  the  elem^its 
potassium,  phosphorus  and  nitrogen  the  figures  would  be  dif- 
ferent and  could  not  be  compared  directly  with  the  results 
expressed  by  the  old  system.  They  would,  however,  be  di- 
rectly comparable  with  all  results  expressed  by  the  modem 
system.  It  is,  moreover,  entirely  practicable,  as  a  transition 
plan,  to  have  the  composition  of  fertilizers  expressed  by  both 
systems.  This  is,  however,  not  necessary  in  this  state,  as  the 
use  of  fertilizers  is  very  limited  and  the  intelligence  of  our 
citizens'  is  such  that  they  will  be  able  to  grasp  promptly  the 
relation  between  the  antiquated  system  and  the  modem  one, 
and  will  prefer  the  latter.  As  the  use  of  fertilizers  increases 
the  education  of  the  public  concerning  them  will  be  in  the  same 
terms  as  those  used  in  the  education  of  children  in  the  public 
schools  and  colleges,  and  the  state  will  not  be  burdened  by  an 
excrescence  in  the  form  of  a  system  of  naming  that  has  been 
out  of  use  in  scientific  chemistry  for  half  a  century. 

Some,  in  opposing  the  introduction  of  modem  terms  in  con-r 
nection  with  fertilizers,  have  argued  that  farmers  might  think 
that  because  the  elements  potassium  and  phosphorus  are  dan- 
gerously inflammable,  and  in  that  form  would  be  wholly  unfit 
to  keep  about  a  bam  or  apply  to  crops,  fertilizers  containing 
these  elements  should  not  be  used.  They  lose  sight  altogether 
of  the  fact  that  potash  and  phosphoric  acid,  whether  we  use 
these  names  in  the  modem  or  the  antiquated  sense,  represent 
compounds  which  it  would  be  equally  as  dangerous  to  apply  to 
crops  and  almost  equally  as  unpleasant  to  handle,  if  not  as 
dangerous.  The  fact  of  course  is  that  the  substances  actually 
used  as  fertilizers  are  neither  potassium,  phosphorus,  nitro- 
gen, phosphoric  acid,  potash  or  ammonia,  but  quite  different 
substances,  in  which,  however,  their  value  as  a  fertilizer  is 
measured  by  the  potassium,  phosphorus  or  nitrogen  which  they 
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contain.  Were  it  possible  to  do  so,  the  best  mode  of  stating  the 
composition  of  a  fertilizer  would  be  to  give  the  percentage  of 
each  of  the  compounds  actually  present,  such  as  potassium 
nitrate,  potassium  chloride,  potassium  sulphate,  sodium  ni- 
trate, calcium  phosphate,  monocalcium  phosphate,  etc. 

While  the  ideal  mode  of  statement  of  the  composition  of  a 
fertilizer  is  to  state  the  amounts  of  each  individual  compound 
present,  chemical  analysis  has  not  arrived  at  such  a  state  of 
development  as  to  enable  us  to  analyze  a  fertilizer  so  as  to  tell 
exactly  what  compounds  of  the  different  elements  are  present. 
Thus,  a  fertilizer  may  contain  potassium  in  potassium  chloride, 
potassium  sulphate,  potassium  carbonate,  and  other  com- 
pounds, but  it  is  quite  impossible  to  so  analyze  it  as  to  ascer- 
tain the  amounts  of  potassfum  present  in  each  of  these 
classes.  We  can  only  determine  the  total  amount  of  potas- 
sium, or  the  aniount  that  is  present  in  compounds  soluble  in 
water,  or,  possibly,  in  some  other  solvents. 

The  condition  is  similar  in  respect  to  nitrogen.  The  nitro- 
gen of  fertilizers  now  on  the  market  may  be  present  in  the 
form  of  ammonium  chloride,  ammonium  sulphate,  potassium 
nitrate,  sodium  nitrate,  calcium  cyanamide,  or  in  any  one  of  a 
large  number  of  nitrogenous  organic  compounds,  some  of  ani- 
mal and  some  of  vegetable  origin,  and  even  in  other  com- 
pounds. It  is  at  present  far  beyond  the  power  of  the  chemist 
to  analyze  such  a  mixture  and  ascertain  the  exact  proportion 
of  each  compound  of  nitrogen  present.  The  best  that  can  be 
done  yields  only  partial  results  in  this  direction.  Similar  con- 
ditions apply  to  the  compounds  of  phosphorus. 

It  will  be  seen,  therefore,  that  it  is  impossible  to  report  the 
composition  of  a  fertilizer  in  terms  that  will  state  the  amounts 
of  each  individual  compound  present,  and  the  simplest  method 
of  reporting  is  to  state  the  percentage  of  each  significant  ele- 
ment present.  In  the  case  of  the  nitrogenous  substances,  for 
example,  while  there  are  differences  in  the  availability  and 
agricultural  value  of  them,  since  it  is  impossible  to  ascertain 
the  amount  of  each  compound,  and  the  element  nitrogen  is  the 
one  found  in  all  of  them  upon  which  the  fertilizing  value  de- 
pends, a  statement  of  the  total  amount  of  nitrogen  would  seem 
to  be  the  simplest  method  of  dealing  with  the  question.  In 
addition  to  this,  however,  it  is  possible  with  reference  to  some 
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classes  of  compounds  to  investigate  the  matter  somewhat  more 
closely  and  learn  something  concerning  the  nature  and 
amount  of  the  individual  compound  or  classes  of  compounds 
present.  This  is  possible,  and  especially  advantageous,  in  so 
far  as  we  may  determine  the  nitrogen,  potassium,  etc.,  present 
in  compounds  soluble  in  water  and  the  amounts  present  in  com- 
pounds insoluble  in  water.  The  soluble  compounds  are  inmie- 
diately  available  to  plants,  while  the  insoluble  ones  may  re- 
quire long  and  slow  chemical  processes  to  take  place  before 
plants  can  avail  themselves  of  the  needed  elements.  In  addi- 
tion to  pure  water  other  reagents  are  used  in  getting  more  de- 
tailed information  concerning  the  character  of  the  constitu- 
ents of  a  fertilizer  than  is  afforded  by  merely  ascertaining  the 
total  amount  of  a  given  element  present. 

The  value  of  potassium  compounds  not  soluble  in  water  is  so 
slight  that  fertilizer  laws  uniformly  take  into  account  as  valu- 
able only  those  compounds  which  are  soluble  in  water. 

In  the  case  of  nitrogen  the  total  amount  of  the  element  is 
usually  ascertained,  and  when  practicable  the  amount  of  this 
present  as  nitrates  and  ammonium  salts,  respectively,  is  also 
reported.  The  nitrogenous  organic  substances  are  so  various 
in  nature  and  of  such  diverse  properties  that  as  yet  no  mode 
of  analysis  has  been  agreed  upon  by  which  we  may  obtain  a 
measure  of  the  agricultural  value  of  such  nitrogenous  sub- 
stances. Some  are  no  doubt  practically  equal  to  nitrates  and 
ammonium  salts,  while  others  are  so  inert,  so  resistant  to  fer- 
mentation and  other  chemical  change,  that  many  of  the  states 
prohibit  their  introduction  into  fertilizers.  Horns,  hoofs,  hair 
and  feathers  are  examples  of  these  inert  substances.  No 
analytical  process  has  received  general  acceptance  as  affording 
a  means  of  distinguishing  accurately  between  the  valuable  or- 
ganic nitrogenous  substances  and  those  that  are  worthless  or 
nearly  so. 

In  the  analysis  of  fertilizers  an  attempt  is  made  to  ascertain 
the  amount  of  phosphorus  present  in  the  different  classes  of 
phosphates,  but  this  cannot  be  done  with  great  exactness, 
fertilizer  manufacturers  are  required  to  give  a  guaranty  in  re- 
spect to  the  phosphorus  present  in:  (1)  phosphates  soluble  in 
water,  (2)  reverted  phosphates,  (3)  insoluble  phosphates,  and 
(4)  the  total  phosphorus,  which  would  be  the  sum  of  the  other 
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three.  Reverted  phosphates  are  soluble  in  a  solution  of 
ammonium  citrate,  and  are  sometimes  referred  to  as  "citrate- 
soluble  phosphates."  Ammonium  citrate  to  a  certain  extent 
exerts  a  solvent  power  upon  the  reverted  phosphate  compar- 
able with  that  exhibited  by  the  roots  of  plants,  and  such  phos- 
phates are  less  valuable  than  those  soluble  in  water.  In  con- 
sidering the  value  of  the  phosphorus  of  a  fertilizer,  then,  it  is 
important  to  notice  in  what  form  of  combination  it  is  present. 

MATERIALS  USED  IN  FERTILIZERS. 

Of  the  mineral  elements  required  by  plants  only  four  are 
likely  to  be  deficient  in  soils,  namely,  potassium,  calcium,  ni- 
trogen and  phosphorus,  and  the  raw  materials  used  in  the 
manufacture  of  fertilizers  are  those  which  can  be  obtained  on 
a  commercial  scale  and  contain  one  or  more  of  these  elements 
in  a  relatively  high  percentage.  The  commercial  sources  will 
not  be  treated  at  great  length  here,  but  on  account  of  their 
general  interest  will  be  referred  to  briefly. 

Potassium. 
When  plants  are  burned  the  residue  left  is  known  as  the  ash. 
If  these  plants  are  terrestrial  the  ash  will  contain  a  notable 
percentage  of  potassium;  on  the  other  hand,  plants  that  have 
grown  in  the  sea,  though  containing  important  amounts  of 
potassium,  also  contain  large  amounts  of  the  similar  metal, 
sodium.  For  many  years  hardwood  ashes  were  the  chief  source 
of  potassium  for  fertilizers.  The  ashes  of  soft  wood  are  much 
poorer  in  this  element.  No  doubt  the  character  of  the  forest 
growth  of  a  region  is  determined  largely  by  the  quality  of  the 
soil,  and  hard  woods  grow  6nly  on  soil  rich  in  mineral  sub- 
stances, while  the  soft  woods  grow  on  poorer  tjnpes.  While 
hardwood  ashes  are  still  sought  and  applied,  the  chief  supply 
of  potassium  compounds  for  fertilizers  is  a  remarkable  deposit 
of  salts  discovered  in  Germany  about  the  middle  of  the  last 
century.  These  deposits  have  been  discovered  in  various  parts 
of  Germany,  but  the  most  important  works  are  in  the  vicinity 
of  Stassfurt,  a  small  city  about  100  miles  southwest  of  Berlin. 
This  wonderful  deposit  was  discovered  in  a  search  for  common 
rock  salt,  and  the  potassium  compounds  were  at  first  regarded 
as  of  no  value ;  but  with  the  progress  of  agricultural  chemistry 
they  have  become  recognized  as  one  of  the  most  important  of  all 
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the  known  resources  of  the  world,  and  enormous  amounts  of 
potassium  compounds  are  exported  from  (Jermany  annually. 

In  the  Stassfurt  deposits  the  potassium  is  found  in  several 
different  compounds.  Among  these  are  sylvite,  KCl ;  camaUite, 
KMgCl^.GHjO;  and  kainite,  K^SO^.MgSO^.MgClj.eH^O.  Car- 
nallite  is  the  most  important  of  these  salts,  but  on  account  of  its 
small  percentage  of  potassium  is  not  shipped  in  that  form  to 
distances  remote  from  the  mines.  It  is  submitted  to  treatment 
whereby  potassium  chloride  or  "muriate  of  potash"  in  several 
grades  of  purity  is  obtained,  and  in  this  form  is  applied  as  a 
fertilizer.  Kainite  is  used  as  a  fertilizer,  and  is  exported  in 
large  quantities.  Potassium  sulphate,  or  "sulphate  of  potash" 
is  manufactured  from  kainite  and  potassium  chloride.  This 
compound  is  not  prepared  in  as  large  quantities  as  is  potassium 
chloride,  but  for  certain  crops  it  is  preferable.  To  a  limited 
extent  this  compound  occurs  ready  formed  in  the  Stassfurt  de- 
posits. 

Hardwood  ashes  are  of  little  commercial  consequence  in  this 
state,  but  when  available  should  be  recognized  as  valuable 
sources  of  fertility,  especially  of  potassium.  They  contain,  of 
course,  the  other  ash  constituents  present  in  the  original  wood, 
excepting  certain  losses  that  take  place  in  the  combustion,  and 
such  as  may  have  occurred  by  subsequent  leaching,  and  hence 
contain  valuable  amounts  of  phosphorus.  The  nitrogen  of  the 
wood  is  mostly  lost  in  the  burning.  In  this  connection  it  may 
be  mentioned  that  coal  ashes  are  of  practically  no  chemical 
value,  but  may  upon  some  soils  be  of  use  as  improvers  of  the 
physical  state. 

For  ordinary  field  crops  the  form  of  combination  in  which 
the  potassium  is  employed  does  not  matter  much,  the  value  de- 
pending upon  the  percentage  of  potassium  present.  It  has  been 
found,  however,  that  with  tobacco,  potatoes  and  sugar  beets 
the  application  of  fertilizers  containing  chlorine  is  quite  objec- 
tionable. Hence  for  these  crops  potassium  sulphate  should  be 
used  rather  than  potassium  chloride  (muriate  of  potash). 
Kainite,  though  containing  its  potassium  as  sulphate,  carries 
large  amounts  of  common  salt  (sodium  chloride)  as  an  im- 
purity, and  hence  should  not  be  used  where  chlorides  are 
prejudicial. 
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Phosphorus. 

Phosphorus  is  found  in  various  classes  of  compounds,  the 
most  important  of  which  as  sources  of  fertilizers  are :  Bones, 
rock  phosphate,  apatite,  and  basic  slag  from  certain  iron 
furnaces.  In  bones  and  rock  phosphate  the  phosphorus  is 
present  as  a  constituent  of  tricalcium  phosphate,  Ca3(P04)2. 
Apatite  is  closely  related  to  this  chemically,  but  contains 
fluorine  and  chlorine  also.  In  basic  slag  a  different  combina- 
tion is  exhibited,  known  as  tetracalcium  phosphate,  and  to 
which  the  formula  Ca^PjO^  is  ascribed. 

The  bones  of  animals  directly  or  indirectly  constitute  an 
important  source  of  phosphorus.  Raw  bone  contains  moisture, 
fat,  nitrogenous  substances,  etc.,  as  well  as  phosphates,  and  in 
this  state  is  hardly  as  useful  as  after  the  fat  has  been  removed, 
since  this  fat  retards  the  solution  of  the  bone  substance  in  the 
soil.  The  nitrogenous  matter  is,  however,  of  great  value  as  a 
source  of  nitrogen. 

Bones  may,  however,  receive  special  treatment.  The  fat 
may  be  extracted  by  solvents,  leaving  a  more  valuable  ferti- 
lizer than  the  original  bone,  or  both  fat  and  nitrogenous  matter 
may  be  removed  by  steaming  or  boiling.  This  leaves  a  product 
richer  still  in  phosphorus,  because  of  the  removal  of  the  sub- 
stances containing  none  of  that  element.  Tankage  may  include 
such  cooked  bone  but  also  includes  by-products  of  the  packing 
houses. 

In  the  refining  of  sugar  large  quantities  of  bone  black  are 
used.  This  is  the  product  obtained  by  heating  green  bone  with- 
out access  of  air,  by  which  the  organic  matter  of  the  bone  is  de- 
composed, volatile  matter  expelled,  and  a  very  finely  divided 
carbon  left  deposited  throughout  the  bone  tissue.  This  bone 
black,  pulverized  to  a  suitable  degree,  is  used  for  decolorizing 
syrups  and  other  substances.  After  a  time  it  is  no  longer  use- 
ful in  this  way  and  the  spent  bone  black  is  made  into  superphos- 
phate. 

The  rock  phosphates  of  this  country  occur  chiefly  in  Florida, 
South  Carolina  and  Tennessee.  The  mode  of  occurrence,  phys- 
ical state  and  percentage  of  phosphorus  vary  greatly.  They  are 
largely  consumed  in  the  manufacture  of  superphosphate,  but 
are  also  well  suited  for  application  to  land  without  other  treat- 
ment than  grinding.  This  raw  phosphate  is  less  easily  assimi- 
lated by  plants,  but  as  the  price  is  much  lower  it  has  been 
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found,  in  some  cases  at  least,  that  an  equal  expenditure  will 
produce  as  great  an  increase  in  crops  when  the  ground  raw 
phosphate  is  used  as  is  obtained  by  employing  superphosphate 
made  from  the  rock.  As  phosphates  are  not  much  subject  to 
leaching  out  from  soils  it  will  be  seen  that  from  the  standpoint 
of  total  amount  of  soil  fertility  added  the  raw  phosphate 
might  be  much  more  economical. 

Basic  slag  is  sold  under  various  names.  It  is  obtained  in  the 
Thomas-Gilchrist  method  for  the  production  of  iron  from  ores 
containing  phosphorus.  In  this  lime  is  used  which,  combining^ 
with  the  phosphorus,  produces  a  slag  rich  in  that  element,  and 
which  when  finely  ground  is  a  valuable  fertilizer.  It  scarcely 
reaches  our  state  as  yet,  being  produced  mainly  in  European 
countries. 

Apatite  is  a  mineral  occurring,  mixed  with  other  rock,  in 
considerable  quantities  in  Canada.  It  is  present  in  minute 
crystals  in  many  granite  rocks  and  is  probably  the  most  im- 
portant original  source  of  the  phosphates  of  soils.  For  use  in 
fertilizers  the  Canadian  apatite  requires  conversion  into  super- 
phosphate. 

The  natural  phosphates  are  only  very  slightly  soluble  and 
hence  not  easily  taken  up  by  plants.  They  are  therefore  not 
suitable  for  direct  use  as  fertilizers  where  a  strong,  quick  ac- 
tion is  desired.  They  are  usually  rendered  more  soluble  pre- 
vious to  use  by  being  treated  with  sulphuric  acid.  The  follow- 
ing  equation  expresses  the  result  that  takes  place  with  calcium 
phosphate,  whether  it  be  the  rock  phosphate  or  the  bone  phos- 
phate: 

Ca3(P0J,  +  2H2SO,  =  CaH^XPOJ,  +  2CaS0,. 

It  will  be  seen  that  the  essential  change  consists  in  the  ex- 
change of  calcium,  Ca,  and  hydrogen,  H.  The  compound 
CaH4(P04)2  is  known  to  chemists  as  monocalcium  phosphate 
or  acid  calcium  phosphate,  other  names  being  also  in  use.  The 
CaS04  is  the  same  as  burnt  gypsum.  The  superphosphate  of 
commerce  contains  these  two  substances  mixed,  and  hence  not 
only  supplies  phosphorus,  but  calcium,  the  characteristic  metal 
of  lime,  limestone,  and  gypsum  or  land  plaster. 

When  a  superphosphate  is  applied  to  the  soil,  changes  are 
likely  to  set  in  at  once  by  which  it  tends  to  revert  to  the  original 
nearly  insoluble  triphosphate,  Ca8(P04)2.  There  is,  however, 
a  substance  intermediate  in  composition,  known  to  chemists  as 
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calcium  diphosphate,  as  well  as  by  other  names.  Since  it  is 
produced  in  soils  by  a  process  the  reverse  of  that  by  which 
superphosphate  was  manufactured,  it  is  in  agriculture  often 
designated  as  reverted  phosphate.  The  following  equations 
show  two  of  the  reactions  by  which  the  acid  phosphate  or 
superphosphate  may  be  changed  in  the  soil  to  the  dicalcium 
phosphate  or  reverted  phosphate,  by  the  action  of  calcium 
carbonate  from  limestone,  or  by  that  of  the  insoluble  triphos- 
phate present: 

CaH,  (PO,) ,  +  CaCO,  =  2CaHP0,  +  H,0  +  CO,. 
Monocalcium        Calcium        Dicalcium      Water.    Carbon 
phosphate.        carbonate,     phosphate.  dioxide. 

CaH,  (PO,) ,  +  Ca.  (PO  J ,  =  4CaHP0,. 

Monocalcium         Tricalcium  Dicalcium 

phosphate.  phosphate.  phosphate. 

By  other  reactions,  in  some  cases  still  more  complex,  com- 
pounds of  iron  and  aluminum,  present  in  all  soils,  cause  the  re- 
version of  phosphates  from  the  soluble  monocalcium  phosphate 
condition  to  the  less  soluble  but  still  available  dicalcium  phos- 
phate, and  even  to  the  still  less  valuable  tricalcium  phosphate. 
These  less  soluble  phosphates  are,  however,  by  the  action  of 
carbonic  acid  in  the  soil  slowly  reconverted  into  available 
forms.  This  carbonic  acid  is  produced  in  the  decay  of  vegetable 
matter  or  humus  of  the  soil.  Other  acids  are  also  produced 
which  contribute  to  the  total  dissolving  effect  upon  the  in- 
soluble phosphates.  Thus  phosphorus  in  almost  any  form  is  a 
valuable  constituent  of  soils  and  may  at  some  time  be  brought 
into  a  condition  in  which  plants  may  take  it  up  even  though 
after  many  years'  delay.  Phosphorus  is  one  of  the  elements 
absolutely  essential  for  plants,  and  the  total  amount  present  in 
a  soil  is  of  very  great  importance,  and  hence  the  total  amount 
introduced  in  any  fertilizer  is  second  only  in  importance  to  the 
amount  immediately  available;  that  is,  in  the  application  of 
phosphate  fertilizers  the  farmer  naturally  expects  and  desires 
immediate  results,  which  are  secured  by  the  use  of  superphos- 
phate, but  at  the  same  time  if  larger  quantities  of  phosphates 
can  be  applied  in  other  less  soluble  and  available  forms  at  the 
same  expenditure,  the  ultimate  value  of  the  investment  may  be 
much  greater,  as  the  phosphorus  will  remain  in  the  soil  and  be 
rendered  available  by  slow  natural  processes. 
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Nitrogen. 

The  matetials  used  as  sources  of  nitrogen  by  the  fertilizer 
manufacturer  are  quite  varied.  Most  of  these  are  of  no  im- 
mediate interest  to  the  farmer.  They  may  be  classified  in  the 
two  groups  of  inorganic  compounds  and  organic  waste  mate- 
rials. 

The  inorganic  compounds  are  of  three  classes:  Nitrates, 
ammonium  salts,  and  calcium  cyanamide.  The  organic  waste 
most  available  in  the  West  is  that  from  packing  houses,  and 
consists  of  the  nitrogerums  tissues  unfit  for  food,  either  from 
their  inherent  nature  or  because  of  the  unwholesome  condition 
of  the  animal.  In  the  South  cottonseed  meal  has  been  used  as 
a  fertilizer,  but  when  in  wholesome  condition  such  use  is 
wasteful  in  that  the  meal  is  a  valuable  feed,  and  when  used  as 
such  the  excretions  of  the  animal  contain  a  large  proportion  of 
the  nitrogen,  which  may  then  be  applied  as  a  fertilizer,  thus 
serving  the  double  purpose  of  supporting  both  stock  and  land. 

The  principal  nitrate  used  in  fertilizers  is  sodium  nitrate 
or  ChUi  saltpeter,  the  old  name  for  which  is  nitrate  of  soda. 
This  important  substance  is  found  in  large  deposits  of  un- 
known origin  occurring  in  the  rainless  regions  of  Chili  and 
Peru.  For  use  the  crude  natural  substance  is  purified  by  ex- 
traction with  water  and  recrystallization,  and  the  commercial 
article  is  about  95  per  cent  pure  and  contains  15  to  16  per 
cent  of  nitrogen.    The  chemical  formula  is  NaNOg. 

In  the  manufacture  of  gas  by  heating  soft  coal,  considerable 
amounts  of  ammonia  are  produced  from  the  nitrogenous  plant 
residues  still  existing  in  the  coal.  In  the  purification  of  the  gas 
for  use  in  lighting,  the  ammonia  is  absorbed  by  the  use  of  sul- 
phuric acid,  ammonium  sulphate  being  produced.  This  is  crys- 
tallized by  evaporation  of  the  solution  in  which  it  formed,  and 
constitutes  a  concentrated  source  of  nitrogen.  The  pure  sub- 
stance would  contain  over  21  per  cent  of  nitrogen.  Its  chem- 
ical formula  is   (NHJ^SO^. 

Calcium  cyanamide,  CaCNj,  is  a  substance  only  recently 
used  in  fertilizing,  and  is  made  by  passing  nitrogen  over 
heated  calcium  carbide.  It  seems  likely  to  become  a  very  im- 
portant source  of  nitrogen  for  fertilizitig  land.  Quite  re- 
cently it  has  been  found  that  nitrogen  and  hydrogen  under 
great  pressure  and  in  the  presence  of  osmium  or  uranium 
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unite  to  form  ammonia  with  such  ease  and  rapidity  that  the 
process  is  exceedingly  promising  as  a  means  of  preparing  com- 
pounds of  nitrogen  from  the  inexhaustible  store  of  that  ele- 
ment in  the  atmosphere. 

Of  the  nitrogenous  waste  products  of  the  packing  houses  a 
few  may  be  mentioned  in  greater  detail.  Animals  condemned 
for  food  purposes,  and  parts  of  others,  including  flesh,  ten- 
dons and  connective  tissue,  are  treated  to  remove  the  fat,  and 
then  the  residue  is  ground,  and  may  be  used  in  fertilizers  if 
not  suitable  for  cattle  feed.  Dried  blood  is  similarly  utilized. 
Hair,  hoofs,  horns,  leather  scraps,  etc.,  contain  high  percent- 
ages of  nitrogen  and  not  infrequently  are  introduced  into  fer- 
tilizers. They  are  so  slow  to  decay,  however,  that  they  are  not 
in  good  repute  for  such  use,  though  by  special  treatment  their 
condition  may  be  improved.  In  this  state  their  use  in  commer- 
cial fertilizers  is  prohibited. 

The  fact  may  also  be  mentioned  here  that  the  organic  resi- 
dues of  leguminous  crops  are  an  important  source  of  nitrogen 
to  soils,  though  not  used  in  the  preparation  of  commercial  fer- 
tilizers. Nitrogen,  though  the  element  most  quickly  exhausted 
from  a  soil,  is  also  the  one  most  cheaply  restored,  since  by  the 
cooperation  of  clovers,  alfalfa,  peas,  beans  and  other  legumes 
with  bacteria  that  grow  upon  their  roots  the  abundant  nitro- 
gen of  the  air  in  the  pores  of  the  soil  is  brought  into  organic 
combination.  This  means  of  adding  nitrogen  to  a  soil  must 
never  be  lost  to  view,  and  the  purchase  of  nitrogenous  ferti- 
lizers should  be  limited  to  the  meeting  of  the  special  require- 
ments of  certain  conditions  or  crops. 

SOIL  ANALYSIS  WITH   REFERENCE  TO  FERTILIZER 
REQUIREMENTS. 

In  the  early  history  of  Kansas  no  attention  was  paid  to  the 
composition  of  its  soils  except  to  boast  of  their  inexhaustible 
fertility.  The  voice  of  the  chemist  has  been  lifted  constantly, 
warning  the  people  that  this  idea  of  possession  of  a  fertility 
that  is  practically  limitless  is  a  delusion  that  can  lead  only  to 
squandering  of  our  natural  resources,  and  to  leaving  posterity 
handicapped  in  the  struggle  for  existence.  To-day  he  is  seeing 
his  warnings  justified.  People  in  many  localities  of  the  east- 
em  part  of  the  state  are  making  inquiry  concerning  chemical 
analysis  of  their  soils  with  reference  to  learning  what  ferti- 
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lizers  should  be  applied  and  to  what  crops  their  soils  are  best 
adapted.  A  consideration  of  some  of  the  aspects  of  this  prob- 
lem would  seem  to  be  timely. 

The  chemical  composition  of  a  soil  is  the  most  fundamental 
limit  upon  its  usefulness.  No  matter  what  its  depth,  physical 
state  or  climatic  environment,  a  soil  that  is  actually  deficient 
intone  or  more  of  the  chemical  elements  essential  to  plant 
growth  cannot  be  productive.  Hence  a  thoroughgoing  investi- 
gation of  a  soil  cannot  be  made  except  it  be  on  a  chemical  basis. 
However,  the  difficulties  of  a  chemical  investigation  that  shall 
lead  to  results  that  can  be  translated  into  definite  statements 
concerning  the  special  adaptation  of  a  soil  to  a  given  crop,  or 
into  a  prescription  to  meet  its  needs  in  the  way  of  applications 
of  fertilizers,  are  so  great  that  at  present  they  have  been  very 
incompletely  surmounted. 

All  but  a  very  small  proportion  of  a  soil  is  unavailable  for 
the  nutrition  of  plants  and  serves  only  for  their  mechanical 
support.  The  roots  penetrate'  through  to  relatively  great  dis- 
tances, both  downward  and  sidewise,  and  thus  the  plant  is  an- 
chored to  a  weight  that  enables  it  to  stand  upright.  This  me- 
chanical function  of  a  soil  may  be  performed  by  material  that 
IS  wholly  inert  in  respect  to  nourishing  the  plant,  or  by  mate- 
rial that  to  a  certain  extent  is  capable  of  undergoing  changes 
whereby  it  becomes  available.  The  nature  of  this  more  or  less 
inert  portion  of  the  soil  is  thus  of  the  greatest  importance  in 
respect  to  the  endurance  of  its  fertility.  It  can  be  readily  seen 
that,  if  a  chemical  analysis  of  the  total  matter  of  a  soil  be 
made,  and  it  be  found  wanting,  the  soil  is  hopelessly  poor.  It 
is,  however,  only  with  soils  that  consist  almost  entirely  of 
quartz  sand  that  such  results  would  be  obtained.  On  the  other 
hand,  the  presence  in  a. soil  of  adequate  amounts  of  all  the 
chemical  elements  essential  to  plants  is  no  proof  that  the  soil  is 
fertile,  since  these  elements  may  be  in  forms  of  combination 
such  that  plants  cannot  get  them.  Chemists  have  therefore 
sought  for  special  means  of  analysis  that  will  enable  them  to 
ascertain  what  amounts  of  the  several  elements  are  available 
to  plants,  rather  than  the  total  quantities  of  those  elements. 

No  chemical  means  have  yet  been  discovered  that  will  test 
soils  as  a  plant  does.  One  difficulty  in  the  way  is  that  the  dif- 
ferent kinds  of  plants  differ  greatly  in  their  power  to  acquire 
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nutriment  from  a  given  soil.  If  by  prolonged  research  a  mode 
of  investigation  should  be  devised  by  means  of  which  quantita- 
tive results  could  be  obtained  that  would  be  proportional  to  the 
yields  given  by  a  certain  crop,  under  otherwise  favorable  con- 
ditions, the  results  would  not  be  completely  applicable  to  other 
crops.    This  adds  greatly  to  the  complexity  of  the  problem. 

The  nutriment  that  a  plant  gets  from  the  soil  enters  it  dis- 
solved in  the  soil  water.  It  might  at  first  sight  seem  that  sinj^ 
ply  ascertaining  what  amounts  of  l^e  substances  in  a  soil  are 
soluble  in  water  would  disclose  its  crop-sustaining  power. 
This  is  not  the  case,  however.  In  the  first  place,  if  water  be 
kept  in  contact  with  a  soil  until  there  is  reason  to  believe  that 
it  is  saturated,  and  it  then  be  removed,  a  fresh  addition  of 
water  will  dissolve  more  from  the  soil,  and  a  third  amount  will 
dissolve  yet  another  portion.  The  soil  fliay  be  treated  indefi- 
nitely with  these  successive  portions  of  water  and  continue  to 
yield  material  which  goes  into  solution.  In  the  second  place, 
it  seems  undeniable  that  the  roots  of  plants  influence  the  ex- 
tent to  which  soil  particles  in  contact  with  them  are  dissolved, 
by  means  of  substances  which  pass  from  them  to  the  soil.  In 
this  way  some  crops  are  enabled  to  extract  more  nutriment 
from  a  given  soil  than  others  can.  Again,  the  presence  of  de- 
caying organic  matter,  humus,  in  the  soil,  by  its  production  of 
carbonic  acid,  increases  the  solvent  powet  of  the  soil  water, 
an  effect  that  extends  over  years  of  time.  For  these  reasons 
analysis  of  a  water  solution  of  a  soil  wijl  not  teach  us  what 
capacity  for  nourishing  plants  the  soil  possesses. 

As  plants  have  some  specific  solvent  effect  upon  soils,  chem- 
ists have  attempted  to  find  a  solvent  thM  will  imitate  their  ac- 
tion. In  this  they  have  only  partially  succeeded.  The  use  of  a 
two-per-cent  solution  of  citric  acid,  suggested  by  Dyer,  has  in 
many  cases  given  consistent  indications.  In  others  the  cultural 
experience  has  been  at  variance  with  what  would  be  suggested 
by  the  analytical  results.  We  have  not  thus  far  any  solvent 
that  will  upon  all  soils  give  results  that  will  be  consistent  with 
the  yield  returned  by  a  single  kind  of  crop,  much  less  by  all 
kinds,  and  it  is  not  to  be  expected  that  such  a  solvent  will  ever 
be  discovered.  The  conditions  of  absorption  of  plant  food  by 
the  living  cells  of  the  rootlets  are  different  from  those  pre- 
sented by  an  indifferent  substance.    This  is  indicated,  not  only 
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by  recent  observations  on  osmosis,  but  more  simply  by  the  fact 
that  different  kinds  of  plants  growing  together  in  the  same 
solution  or  soil  take  up  quite  different  quantities  of  the  nutri- 
tive salts.  This  so-called  selective  action  must  determine  that 
each  kind  of  plant  is  for  itself  an  independent  case  for  investi- 
gation in  respect '  to  its  relations  to  soil  fertility  and  soil 
analysis. 

Whatever  may  ultimately  be  accomplished  in  devising  means 
of  imitating  the  action  of  plants  upon  soils  the  results  so  ob- 
tained will  indicate  the  immediate  capacity  of  the  soil  rather 
than  its  aggregate  fertility.  As  previously  stated,  soils  may 
have  a  part  of  the  chemical  elements  in  such  stable  and  in- 
soluble combination  as  to  put  it  entirely  outside  the  probably 
more  or  less  remotely  available  plant-food  supply.  Aside  from 
this  nearly  insoluble  part  we  have  another  that  dissolves  in 
moderately  strong  hydrochloric  acid.  \Yhat  will  dissolve  in  a 
few  days  in  hydrochloric  acid  will  dissolve  in  weaker  acids, 
such  as  are  found  in  soils  containing  humus,  if  a  few  years  or 
centuries  be  given,  and  the  amounts  progressively  dissolved 
be  removed  by.  the  roots  of  plants.  The  ultimate  quantities 
of  the  elements  of  fertility  that  can  be  utilized  by  crops  is  thus 
taken  to  be  practically  those  that  may  be  brought  into  solution 
by  hydrochloric  acid  of  specific  gravity  about  1.12.  A  chem- 
ical analysis  of  such  a  solution  may  be  of  great  value  in  deter- 
mining the  probable  permanent  durability  of  a  soil,  and  to  a 
less  extent  its  immediate  capacity. 

It  has  been  found  that  any  virgin  soil  that  shows  an  ample 
supply  of  nutritive  substances  soluble  in  acid  as  described  will 
be  fertile  provided  that  there  are  no  greatly  opposing  influ- 
ences in  the  physical  condition  of  the  soil  or  in  the  climate. 
With  soils  long  under  cultivation,  however,  by  whatever  means 
they  may  be  analyzed  results  may  be  obtained  that  are  more  or 
less  contradictory  to  cultural  experience. 

Soils  may  get  into  a  condition  of  nonproductivity,  the  causes 
of  which  are  obscure  as  yet.  The  influence  of  the  previous 
cropping,  whether  different  or  the  same,  may  greatly  affect 
the  yield  of  the  present  season.  In  some  cases  failures  are 
traceable  to  fungus  diseases  with  which  the  soil  becomes  af- 
fected. In  other  cases  there  is  reason  to  believe  that  crops 
leave  something  in  the  soil  that  hinders  the  growth  of  succeed- 
ing crops  of  the  same  kind  until  it  is  removed.    Some  experi- 
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ments  by  the  bureau  of  soils  have  shown  that  in  certain  cases 
this  condition  seems  to  be  corrected  by  the  use  of  substances 
which  do  not  themselves  contain  chemical  elements  of  fer- 
tility. It  is  not  impossible  that  a  part  of  the  beneficial  effect 
of  commercial  fertilizers  and  barnyard  manure  is  due  to  such 
action,  though  there  can  be  no  doubt  that  their  effect  is  not 
limited  to  this^  but  that  they  supply  needs  of  the  crop  in  re- 
spect to  chemical  elements.  The  need  of  rotation  of  crops  in 
order  to  maintain  proper  soil  conditions  is  probably  greater 
with  many  soils  than  is  its  lieed  on  account  of  any  partial 
exhaustion  of  chemical  elements. 

The  difficulty  of  drawing  inferences  concerning  crop-pro- 
ducing power  from  chemical  analyses  only  may  be  illustrated 
by  referring  to  an  experiment  by  Hilgard,  in  which  a  highly 
productive  but  heavy  clay  soil  was  mixed  with  one,  three,  four 
and  five  times  its  weight  of  puMfied  sand.  Plants  were  grown 
in  a  pot  of  the  original  soil,  and  in  pots  of  soil  of  the  four  de- 
grees of  dilution  by  sand.  It  was  found  that  up  to  and  in- 
cluding the  dilution  with  four  times  its  weight  of  sand  the 
plants  made  better  growth  in  the  diluted  than  in  the  original 
soil.  Here,  then,  was  an  example  of  a  soil  mixture  with  only 
one-fifth  as  much  of  the  nutritive  elements,  and  these  in  the 
same  ratios  to  each  other  as  in  the  original  soil,  that  gave  even 
better  results  than  the  undiluted  soil.  In  short,  chemical  com- 
position is  very  important,  but  it  is  only  one  of  the  important 
considerations  in  respect  to  productivity. 

Not  only  is  the  physical  state  of  the  soil  an  important  factor 
in  determining  crop  yield,  but  its  depth,  and  the  depth,  com- 
position and  general  character  of  the  subsoil  are  of  the  great- 
est significance.  Further,  in  respect  to  sampling  a  soil  for 
analysis,  if  this  be  not  properly  done,  so  that  the  sample  an- 
alyzed actually  represents  the  land  under  investigation,  the 
results  of  the  analysis  are  worthless  as  a  basis  for  any  general 
conclusion. 

It  will  be  seen  from  the  foregoing  that  a  chemical  analysis 
of  a  single  soil  sample  may  mean  very  little,  but  to  be  of  any 
service  it  must  be  considered  in  connection  with  many  other 
things.  To  be  of  the  most  use  it  should  be  possible  to  compare 
it.  with  the  results  of  analyses  of  adjacent  uncultivated  soils 
and  of  other  soils  in  similar  climatic  environment.  The  phys- 
ical conditions  must  also  be  carefully  considered. 
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Partial  analyses  of  soil  directed  toward  answering  definite 
limited  questions  are  often  very  useful.  Soils  have  been  known 
to  contain  an  abundance  of  nitrogen  and  yet  to  be  deficient  in 
that  element  in  an  available  form.  Organic  matter  may  be  so 
slightly  decomposed  as  not  to  be  in  a  condition  to  furnish 
nitrogen  to  crops,  while  the  fully  humified  part  can  undergo 
nitrification  promptly  and  thus  supply  this  element,  hence  a 
distinction  in  the  analysis  between  these  two  forms  of  nitrog- 
enous matter  may  contribute  much  information.  So,  too,  it 
has  been  found  that  phosphorud  in  humus  is  more  available  to 
the  wheat  crop  than  when  in  some  other  forms  of  combination. 

So-called  alkali  soils  are  soils  containing  an  excess  of  soluble 
mineral  substances  which  do  not  in  all  cases  give  an  alkaline 
reaction.  An  analysis  of  a  soil  with  reference  to  excessive 
amounts  of  such  mineral  substances  may  be  made  a  useful 
preliminary  to  any  treatment  to  improve  the  condition.  A 
qualitative  analysis  is  certainly  necessary,  as  the  nature  of 
alkali  differs  greatly  and  proper  treatment  of  it  cannot  be  pre-^ 
scribed  without  knowing  the  nature  of  the  excessive  salts, 
present.     . 

Some  soils  are  deficient  in  lime,  or,  speaking  more  exactly, 
in  calcium  compounds,  especially  the  calcium  carbonate  which 
is  capable  of  neutralizing  organic  acids.  A  fertile  soil  for  agri- 
cultural crops  must  be  in  a  neutral  or  faintly  alkaline  condi- 
tion. Analyses  with  reference  to  soil  acidity  are  therefore 
often  of  much  value.  Independent  of  acidity  leguminous  crops,, 
such  as  clover  and  alfalfa,  require  large  amounts  of  calcium,, 
and  regions  other  than  those  in  which  limestone  and  gypsum- 
are  found  may  often  require  special  investigation  in  respect  U> 
the  calcium  content  of  the  soil. 

PHYSICAL  TESTS  OP  SOILS. 

The  limitations  upon  the  extent  to  which  chemical  analysis, 
can  be  used  in  forming  a  judgment  upon  soils  has  led  to  at- 
tempts to  replace  that  mode  of  investigation  by  physical  or 
mechanical  analyses  in  which  the  size  of  the  soil  particles  and 
in  part  the  peculiaritie9  of  their  mode  of  aggregation  are 
studied.  The  relative  dominance  of  certain  sizes  of  particles, 
in  soils  used  largely  for  certain  crops  has  been  observed.  How- 
ever, the  fact  that  the  same  crops  may  be  quite  successfully 
produced  on  soils  of  distinctly  different  mechanical  composi-^ 
tion  makes  this  method  of  little  practical  use,  however  inter- 
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esting  a  field  of  laboratory  study  it  may  be.  The  influence  of 
rainfall,  temperature,  altitude,  exposure  and  other  climatic 
factors  exceed  physical  constitution  in  their  dominating  posi- 
tion to  a  far  greater  degree  than  they  do  chemical  composition. 
A  suitable  physical  state  may  accompany  an  almost  sterile  con- 
dition. The  sizes  of  the  rock  particles  of  a  soil  that  has  been 
exhausted  by  cropping  are  not  materially  different  from  what 
they  were  when  the  same  soil  was  in  its  virgin  state  of  fer- 
tility. At  best  the  results  of  a  physical  examination  of  a  soil 
are  useless  unless  they  are  accompanied  by  the  results  of  a 
searching  chemical  examination. 

No  kind  of  laboratory  investigation  of  the  physical  proper- 
ties of  a  soil  possesses  more  than  a  small  fraction  of  the  value 
of  observations  upon  the  soil  in  place,  with  no  more  compli- 
cated equipment  than  one's  eyes  and  hands  and  an  auger.  The 
lay  of  the  land,  the  depth  and  texture  of  the  soil  and  the  depth 
and  character  of  the  subsoil  are  points  that  immeasurably 
exceed  in  importance  any  other  physical  characteristics. 

INDICATIONS  PROM   NATURAL  PLANT  GROWTH. 

Both  chemical  and  physical  investigation  of  soils  in  a  labora- 
tory way  being  limited  in  the  usefulness  of  their  results,  these 
must  be  supplemented  or  in  many  cases  replaced  by  observa- 
tions upon  the  natural  growth  of  trees,  shrubs,  grasses  or 
weeds  upon  the  soil,  and  by  experiments  in  the  production  of 
plants  or  crops  upon  it.  Let  organic  nature  answer  the  ques- 
tion. What  is  this  soil  good  for? 

Observations  concerning  the  natural  plant  growth  upon  a 
soil  have  always  been  used  by  practical  men  in  judging  of  its 
value.  The  rich  lands  supporting  a  forest  growth  of  oak, 
hickory,  and  other  hard  woods  are  in  marked  contrast  with 
the  poor,  and  even  otherwise  nearly  barren,  areas  occupied  by 
pines.  The  grasses  of  the  rich  prairies  are  very  different  in 
species  and  luxuriance  from  those  of  thin,  alkaline,  saline  or 
otherwise  unproductive  regions.  Even  weeds  seem  to  exercise 
a  preference,  and  sand-bur  land  is  very  different  from  that 
best  adapted  to  "pusley."  This  means  of  gaining  an  insight 
into  soil  values  is  one  that,  while  used  from  time  immemorial, 
is  worthy  of  more  extended. study  and  application. 
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TESTS  OF  SOIL  BY   POT  EXPERIMENTS. 

Attempts  to  test  soils  as  to  their  productiveness  or  their 
specific  needs  in  the  way  of  fertilizers  have  been  made  by 
means  of  experiments  conducted  in  pots.  The  sizes  of  the  pots 
used  have  varied  from  that  of  a  capacity  of  a  few  ounces  to 
one  of  several  hundred  pounds.  Very  valuable  results  have 
been  obtained  by  this  method,  into  the  details  of  which  space 
does  not  at  present  permit  us  to  enter.  It  can  readily  be  seen, 
however,  that  with  climatic  factors  largely  eliminated,  and 
with  a  soil  no  longer  in  its  natural  state  of  aggregation  or  re- 
lation to  subsoil,  some  of  the  most  important  features  con- 
trolling crop  yield  are  left  out. 

TESTING  SOILS  BY  CROPS. 

By  far  the  best  method  yet  devised  for  testing  soils  is  by 
means  of  crops  grown  in  the  open  field.  Such  experiments,  in 
order  to  eliminate  variations  from  season  to  season  in  rainfall 
and  other  climatic  influences,  should  extend  over  a  series  of 
years  to  yield  the  best  results  attainable,  but  in  a  single  year, 
if  the  season  is  not  too  abnormal,  positive  indications  may  be 
obtained.  It  is  obvious  that  a  soil  may  be  deficient  in  but  one 
or  two  of  the  essential  chemical  elements,  and  that  in  that  case 
it  would  be  a  waste  to  purchase  and  apply  fertilizers  supplying 
elements  not  needed.  Further,  one  may  be  disposed  to  apply 
to  the  soil  an  incomplete  fertilizer,  or  an  amendment  that  hap- 
pens to  be  cheap  or  readily  available,  when  in  fact  the  soil  is  in 
need  of  something  quite  different.  As  a  matter  of  economy,  it 
is  highly  important  that  the  farmer  ascertain  what  is  lacking 
in  his  soil  before  deciding  upon  the  purchase  of  commercial 
fertilizers,  or  the  kind  to  buy.  The  chemist  cannot  tell  him 
with  certainty  what  the  soil  needs,  and  no  method  has  yet  been 
devised  that  is  equal  to  that  of  testing  the  land  by  means  of 
crops  that  have  been  fractionally  fertilized. 

A  test  of  this  kind  consists  in  laying  off  a  series  of  plats  on 
the  soil  in  question,  selecting  an  area  as  nearly  uniform  as  pos- 
sible, and  applying  different  fertilizers  to  the  several  plats, 
leaving  one  or  more  unfertilized  for  comparison.  The  number 
of  plats  required  depends  upon  the  detail  with  which  the  test 
i^  to  be  made.  Not  less  than  four  will  suffice,  and  if  this  number 
is  selected  one  plat  will  be  left  with  no  fertilizer,  to  one  a  potas- 
sium salt,  to  another  a  nitrogenous  fertilizer,  and  to  the  other 
a  phosphate  must  be  applied.    On  comparing  the  crops  obtained 
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on  the  three  fertilized  plats  with  that  given  by  the  unfertilized 
one,  the  effect  of  potassium,  nitrogen  and  phosphorus  com- 
pounds separately  applied  will  be  ascertained.  If  it  be  found 
then  that  the  nitrogen  has  increased  the  yield  while  the  potas- 
sium and  phosphorus  have  had  but  little  if  any  effect,  the  con- 
clusion must  be  that  the  soil  is  in  need  of  nitrogen  and  not  of 
the  other  two.  If  the  plat  receiving  potassium  shows  an  in- 
creased yield,  a  deficiency  of  that  constituent  of  the  soil  will  be 
indicated. 

More  comprehensive  results  are  obtained  by  increasing  the 
number  of  plats  and  including,  in  addition  to  those  previously 
named,  others  to  which  nitrogen  and  potassium,  nitrogen  and 
phosphorus,  phosphorus  and  potassium,  and  nitrogen,  potas- 
sium and  phosphorus  compounds,  respectively,  are  applied.  In 
this  case,  too,  it  is  well  to  add  another  plat,  to  be  left  without 
any  fertilizer,  making  nine  altogether.  This  arrangement  will 
show  the  results  of  each  of  the  three  fertilizing  constituents  and 
of  possible  combinations  of  them. 

There  is  one  serious  drawback  to  an  experiment  of  this  kind. 
Plat  experiments  which  are  designed  to  be  exact  duplicates 
have  frequently  been  found  to  give  considerably  diverse  results. 
For  example,  if  in  the  field  to  be  tested  a  series  of  nine  plats 
were  to  be  laid  off  and  no  fertilizer  applied  to  any  of  them,  the 
jrields  obtained  from  the  several  plats  would  not  be  the  same,  in 
all  probability.  This  source  of  error  can  be  avoided  in  two 
ways.  The  first  is  by  testing  the  land  for  a  few  years  without 
fertilizers,  in  order  to  ascertain  the  relative  yields  of  the  plats 
in  their  natural  state.  This  is  probably  the  best  method  as 
preliminary  to  a  thorough  investigation,  but  does  not  yield  im- 
mediate results.  The  other  method  is  to  multiply  the  series  of 
plats  as  many  times  as  practicable  and  take  the  average  result 
of  the  corresponding  plats.  Thus,  if  the  series  were  repeated 
three  times  we  would  have  the  arrangement  indicated  by  the 
accompanying  diagram. 

The  average  yield  without  fertilizers  of  the  twenty-five  plats 
will  be  shown  by  the  average  of  plats  1,  9,  17  and  25,  to  which 
no  fertilizer  is  applied,  and  the  result  will  obviously  be  more 
reliable  than  if  we  should  depend  upon  any  one  of  these  alone. 
Even  if  the  total  amount  of  land  devoted  to  the  experiment  be 
no  greater,  these  four  plats  represent  the  total  area  more  truly 
than  any  four  side  by  side  do.    So,  too,  the  effect  of  a  nitroge- 
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nous  fertilizer  alone  will  be  shown  with  greater  accu^racy  by 
taking  the  average  yield  of  plats  2,  10  and  18  than  would  be 
the  case  by  applying  nitrogen  to  a  single  plat  three  times  as 
large.  The  same  considerations,  of  course,  apply  to  all  of  the 
others,  and  the  greater  the  number  of  repetitions  of  these  series 
the  more  reliable  the  conclusions  drawn  from  the  results. 


A  PLAT  FOR  EXPERIMENTAL  FERTILIZING. 


1 

Nothing. 

2. 

Nitrogen. 

8. 

Potassium. 

4. 

Phosphorus. 

6. 

Nitroffen  and  potassium. 

6. 

Nitroffen  and  phospboros. 

7. 

Potassium  and  phosphorus. 

8. 

Nitrogen,  potassium,  and  phosphorus. 

9. 

Nothing. 

10. 

Nitrogen. 

11. 

Potassium. 

12. 

Phosphorus. 

IS. 

Nitrogen  and  potassium. 

14. 

Nitrogen  and  phosphorus. 

16. 

Potassium  and  phosphorus. 

16. 

Nitrogen,  potassium,  and  phosphorus. 

17. 

Nothing. 

18. 

Nitrogen. 

19. 

Potassium. 

20. 

Phosphorus. 

21. 

Nitrogen  and  potassium. 

22. 

Nitrogen  and  phosphorus. 

28. 

Potassium  and  phosphorus. 

1 

24. 

1 
Nitrogen,  potassium,  and  phosphorus. 

25. 

Nothing. 
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The  interpretation  of  results  obtained  from  such  a  series  of 
plats  is  easy.  Representing  the  entire  series  by  the  numbers  of 
the  first  oiles,  it  is  obvious  that  if  no  material  differences  are 
noticed  in  the  yields  of  the  several  plats,  no  fertilizers  would  be 
advantageous.  If  Nos.  2,  5,  6  and  8  showed  increased  yields 
not  exhibited  by  any  other  plats,  the  necessary  conclusion 
would  be  that  the  soil  is  in  need  of  nitrogen,  but  not  of  any- 
thing else.  If  plats  2,  3,  6  and  7  showed  increased  yields,  while 
plats  5  and  8  showed  still  greater  increases,  the  conclusion 
would  be  that  the  soil  is  in  need  of  both  nitrogen  and  potassiunpi, 
either  of  these  alone  producing  a  beneficial  effect,  but  ferti- 
lizers containing  both  producing  a  still  better  result.  If  at  the 
same  time  the  plat  receiving  phosphorus  only,  showed  little  or 
no  effect,  and  phosphorus  with  nitrogen,  or  with  potassium,  or 
with  nitrogen  and  potassium,  showed  but  little  or  no  advan- 
tasre  over  the  plats  receiving  nitrogen  alone,  potassium  alone, 
or  nitrogen  and  potassium,  respectively,  it  must  be  decided  that 
phosphorus  is  not  required  by  the  soil.  By  similar  lines  of 
reasoning,  any  possible  results  may  be  interpreted,  but  for  the 
greatest  accuracy  in  such  experimentation  it  is  necessary  to 
perform  the  preliminary  experiments  referred  to,  in  which  the 
relative  jdelds  of  the  several  plats  are  ascertained  through  a 
series  of  years  without  the  application  of  any  fertilizers,  and 
giving  the  plats  strictly  uniform  treatment. 

While  these  precautions  are  necessary  for  the  most  concord- 
ant and  satisfactory  conclusions,  results  of  value  may  be  ob- 
tained by  the  four-plat  test  first  described,  and  no  farmer  can 
afford  to  spend  much  money  for  commercial  fertilizers  without 
having  ascertained,  by  one  or  another  of  the  plans  above  de- 
scribed, the  actual  needs  of  the  soil.  In  carrying  out  a  fer- 
tilizer test  of  this  kind  the  plats  should  be  long  and  narrow, 
rather  than  square,  and  one-tenth  of  an  acre  and  upward  in 
area. 

The  practical  fertilizing  test  may,  of  course,  be  extended  to 
include  other  points  such  as  would  require  applications  of 
calcium  (lime)  compounds  or  organic  matter.  In  many  cases 
of  soils  that  have  become  unproductive  or  gotten  out  of  con- 
dition the  deterioration  may  be  traced  to  the  diminution  of 
the  humus  or  organic  matter  in  them.  Before  deciding  that 
commercial  fertilizers  are  necessary,  the  effect  of  green  ma- 
nuring should  be  ascertained.  It  should  also  never  be  for- 
gotten in  this  connection  that  barnyard  manure,  because  of 
— 3-:68 
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its  content  of  organic  matter  in  a  state  of  decay,  is  superior 
to  chemical  fertilizers  containing  equal  amounts  of  potassium, 
phosphorus  and  nitrogen  compounds. 

SUMMARY  CONCERNING  SOIL  TESTING. 

The  preceding  considerations  may  be  summarized  briefly. 
A  thorough  chemical  analysis  of  a  soil  is  indispensable  to  any 
comprehensive  study  of  its  condition  and  probable  durability. 
Such  chemical  analysis  may  not  be  sufficient  alone  to  give  posi- 
tive indications  concerning  the  present  productiveness  of  the 
soil,  or  its  needs  in  respect  to  fertilizers.  Chemical  investiga- 
tion directed  toward  certain  specific  points  may  be  of  great 
value  in  respect  to  a  given  soil.  Laboratory  tests  of  a  purely 
physical  character  afford  little  if  any  information  that  cannot 
be  obtained  better  by  examination  of  the  soil  in  its  natural 
condition  and  position.  The  immediate  fertilizer  requirements 
of  a  soil  are  best  ascertained  by  means  of  systematic  fractional 
fertilization  of  different  crops. 

FERTILIZER  REQUIREMENTS  OF  DIFFERENT  CROPS. 

Among  the  questions  most  frequently  asked  of  experiment 
stations,  agronomists  and  agricultural  chemists  are  those  re- 
questing information  concerning  the  kind  of  fertilizers  and 
amount  to  be  used  for  com,  wheat,  potatoes,  etc.  Answering 
such  questions  is  by  no  means  simple.  It  requires  not  only 
knowledge  concerning  the  composition  of  the  mineral  sub- 
stances normally  present  in  the  crop  under  consideration,  but 
the  chemical  characteristics  of  the  soil  should  be  known.  The 
difficulty  of  ascertaining  the  latter  is  treated  elsewhere  in  this 
bulletin.  It  is  not  the  present  purpose  to  deal  minutely  with  the 
question  of  the  fertilizer  needs  of  specific  crops.  Those  re- 
quiring detailed  information  should  secure  one  or  another  of 
the  excellent  books  available  on  the  subject,  such  as  'Terti- 
lizers,'*  by  Director  Voorhees  of  the  New  Jersey  Experiment 
Stations,  or  "Soils  and  Fertilizers,'*  by  Professor  Snyder,  until 
recently  chemist  of  the  Minnesota  station. 

In  the  use  of  fertilizers  there  are  some  general  principles 
which,  if  understood,  are  of  great  aid  in  making  decisions 
concerning  their  choice,  and  in  modifying  one's  practice  after 
an  experimental  trial. 

Each  plant  normally  has  a  certain  life  cycle  to  pass  through 
leading  to  the  perpetuation  of  the  species  by  the  production  of 
seed  or  other  organs  of  propagation,  such  as  tubers,  bulbs, 
etc.    Man  in  his  utilization  of  plants  looks  upon  them  in  part 


Digitized  by  VjOOQIC 


Sept  1910.]  Fertilizers  and  Their  Uses.  69 

from  a  totally  different  point  of  view  from  that  which  the 
plant  would  have,  if  it  could  have  any.  That  is,  while  from 
the  viewpoint  of  plant  physiology  the  continuation  of  the 
species  is  all-important,  in  the  utilization  of  plants  by  the 
farmer  their  adaptation  as  food  is  the  chief  consideration,  and 
reproduction  is  of  interest  only  as  a  means  of  getting  more 
food. 

The  part  of  the  plant  used  as  food  may  be  the  seed,  in  which 
case  the  interests  of  the  plant  species  and  of  the  farmer  are 
identical;  or  it  may  be  the  vegetative  portion  of  the  plant, 
the  part  which. grows  and  elaborates  the  material  put  into  the 
seed.  In  the  latter  case  man  may  so  favor  this  vegetative 
function  as  to  impair  seriously  the  seed  production.  He  may 
also  by  unwise  choice  of  fertilizers  defeat  his  purpose  to  obtain 
seed  and  get  instead  a  luxuriant  growth  of  leaves  and  stems. 

The  maturation  of  plants  with  the  production  of  seed  is 
accompanied  by  retardation  and  cessation  of  growth  in  other 
respects.  This  seems  to  be  induced  in  part  by  an  accumulation 
of  insoluble  matter  in  the  tissues.  For  example,  cereals  may  be 
grown  successfully,  as  far  as  the  plants  are  concerned,  in  the 
absence  of  silica,  but  seed  is  produced  with  difficulty,  or  not  at 
4ill,  under  those  conditions,  notwithstanding  the  fact  that  silica 
is  present  in  the  seed  in  but  very  small  amount  while  abundant 
in  the  stems  of  the  normally  grown  crops.  The  presence  of 
the  silica  in  the  leaves,  stems,  etc.,  of  the  plants  seems  to  be 
necessan^  as  a  check  to  growth  in  order  to  initiate  the  repro- 
ductive processes. 

Nitrogenous  manures  act  upon  plants  in  a  special  manner. 
Nitrogen  being  a  nonmetal  and  entering  into  combination  in 
soluble  inorganic  salts,  or  in  organic  constituents  of  plant  tis- 
sues, it  does  not  necessarily  accumulate  as  an  insoluble  ash- 
constituent  in  the  plant  cells.  If  the  element  is  brought  to  the 
plant  as  an  ammonium  salt  it  carries  with  it  no  metal  to  be 
similarly  disposed  of.  If  taken  up  as  a  nitrate  it  would  be 
accompanied  by  some  metal  which  would  accumulate  in  the 
tissues  as  some  mineral  salt,  but  the  accumulations  of  such 
salts  would  be  less  rapid  than  if  the  same  amount  of  metal 
were  taken  in  in  the  form  of  sulphate,  phosphate,  silicate,  etc. 

From  the  causes  indicated  above,  as  well  as  from  the  pre- 
eminent position  occupied  by  nitrogen  as  a  constituent  of  pro- 
tein in  plants,  we  see  ample  explanation  for  the  observed 
fact  that  nitrogenous  fertilizers  cause  a   luxuriant  growth  of 
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stems  and  leaves,  but  if  present  in  excess  are  liable  to  result 
in  little  or  no  seed.  The  effects  of  drainage  from  manure 
piles  are  frequently  noticeable  in  this  way.  In  the  case  of 
grasses  which  are  grown  for  forage  and  not  for  seed  nitroge- 
nous fertilizers  are  thus  seen  to  be  especially  applicable.  The 
long-continued  experiments  of  Lawes  and  <Jilbert,  Rothamsted, 
England,  have  shown  most  strikingly  the  effect  of  nitrogen 
on  grasses.  Where  large  applications  of  nitrates  or  ammonium 
salts  have  been  applied  the  other  orders  of  plants  have  been 
almost  completely  suppressed  while  the  true  grasses  have 
made  an  immense  tonnage. 

Though  excessive  use  of  nitrates  or  ammonium  salts  is 
liable  to  cause  scanty  seed-formation,  a  liberal  amount  con- 
tributes more  than  all  other  fertilizing  elements  to  an  abundant 
harvest  of  wheat,  corn,  oats,  etc.,  crops  which  botanically  are 
members  of  the  great  order  of  the  grasses. 

The  dominant  position  of  nitrogen  in  producing  large  wheat 
yields  has  also  been  most  convincingly  shown  by  Lawes  and 
Gilbert.  They  made  experiments,  which  are  being  continued 
at  the  present  time,  in  which  mineral  fertilizers  alone  were 
applied,  different  quantities  of  nitrogen  in  nitrates  or  ammo- 
nium salts,  and  nitrogen  compounds  and  mineral  substances 
together.  The  accompanying  table  exhibits  some  of  the  re- 
sults. 

Table  II.  Wheat  sixty  years  in  succession  on  the  same  land  (Rothamsted). 
Fertilizers  used  annually,  and  average  yield  of  grain  in  bushels  per  acre, 
for  fifty- three  years,  1852  to  1904. 


put. 


-4 
2B 


10 

7 

»■! 

12 
13 
14 


Unmanured     

14  tons  farmyard  manure  since  1843 , 

392  lbs.  calcium  superphosphate,  1 
200  lbs.  potassium  sulphate ,        I 

100  lbs.  sodium  sulphate.  j 

100  lbs.  magnesium  sulphate,      j 

400  lbs.  ammonium  salts  (86  lbs.  nitrogen) . . 

Same  fertilizers  as  5  and  10  combined 

400  lbs.  ammonium  salts  (86  lbs.  nitrogen),  ) 
392  lbs.  calcium  superphosphate,  \ 

Same  as  11,  and  366  lbs.  sodium  sulphate 

Same  as  11,  and  200  lbs.  potassium  sulphate. 

Same  as  11,  and  280  lbs.  magnesium  sulphate. 


Bufthela. 

In- 
crease. 

128 

....... 

35.3 

22  6 

14.7 

1.9 

20.4 

7.6 

32.6 

19.8 

23  6 

10.8 

29.5 

16.7 

31.2 

18.4 

29.7 

16.9 
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Study  of  the  table  shows  how  little  use  it  is  to  apply  only 
mineral  fertilizers  to  wheat  when  the  soil  is  inadequately  sup- 
plied with  nitrogen.  This  element  is  stored  in  soils  in  the  or- 
ganic matter,  and  from  this  soluble  compounds  are  slowly 
produced.  Kansas  farms  have,  in  the  older  parts,  been  robbed 
of  this  organic  matter  and  it  is  probable  that  the  soil  nitrogen 
is  at  present  the  limiting  factor  in  grain  production. 

It  must  not  be  at  once  concluded  that  if  nitrogen  be  lacking 
the  farmer  should  buy  nitrogenous  fertilizers.  The  chief  nat- 
ural source  of  soil  nitrogen  has  been  the  leguminous  plants. 
For  countless  centuries  the  wild  plants  of  this  order,  including 
peas,  beans  and  clovers,  were  growing  on  the  prairies,  and 
with  the  cooperation  of  microscopic  organisms  growing  on 
their  roots  accumulated  the  nitrogen  that  Kansas  farmers 
have  been  exploiting.  The  farmer  must  learn  a  lesson  from 
nature  and  repair  the  damage  to  his  soil  by  cultivating  alfalfa, 
clovers,  etc.,  and  seeing  that  the  nitrogen  that  they  accumu- 
late gets  back  to  the  soil.  Considerable  amounts  will  be  in  the 
roots  and  stubble,  but  much  more  is  in  the  leaves  and  stems. 
If  these  be  sold  from  the  farm  in  the  form  of  hay,  the  land  not 
only  gets  no  benefit  from  the  nitrogen  contained  in  it,  but  it  is 
further  impoverished  by  the  loss  of  potassium,  phosphorus, 
calcium  and  other  elements  taken  up  by  the  plants  and  con-^ 
tained  in  the  hay. 

Permanent  maintenance  of  fertility  demands  that  the  ani- 
mal excretions  produced  when  the  farm  crops  are  fed  be  re- 
turned to  the  land.  In  so  far  as  this  is  not  done  the  soil  must 
depend  on  the  disintegration  of  mineral  constituents,  and  in 
many  cases  these  are  so  limited  in  amount  that  the  production 
of  sterility  is  only  a  question  of  time. 

It  is  a  widely  spread  error  to  suppose  that  the  production  of 
clover  or  alfalfa  on  land  is  a  general  fertilizer  for  it.  These 
crops  add  to  the  stock  of  nitrogenous  compounds,  but  they 
diminish  the  stock  of  mineral  substances. 

In  respect  to  the  total  amount  of  nitrogen  required,  the  com 
crop  makes  heavier  demands  than  the  ^vheat  crop.  It  can, 
however,  flourish  with  less  available  nitrogen  in  the  soil  in  the 
spring,  as  its  period  of  growth  extends  over  a  longer  time  and 
there  is  opportunity  for  the  production  of  nitrates  from  the  or* 
ganic  matter  of  the  soil  during  the  summer  months. 

The  preceding  paragraphs  are  chiefly  in  reference  to  the 
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true  grasses,  including  cereals.  When  we  consider  leguminous 
plants,  such  as  peas,  beans,  alfalfa,  and  clovers  of  all  kinds, 
the  basic  principles  to  be  considered  are  quite  different.  These 
crops,  with  the  assistance  of  the  bacteria  growing  upon  their 
roots,  are  largely  independent  of  the  soil  in  respect  to  nitro- 
gen, and  mineral  fertilizers,  therefore,  must  be  chiefly  con- 
sidered. Calcium  or  lime  compounds  are  of  great  importance 
to  them.  No  other  crop  removes  so  large  an  amount  of  lime 
from  the  soil  as  does  alfalfa.  In  soils  not  amply  provided 
through  limestone  or  gypsum  with  an  abundance  of  calcium, 
the  application  of  these  substances  to  alfalfa  and  clover  may 
be  of  vital  importance.  In  this  connection  it  may  borne  in 
mind  that  superphosphate  is  a  calcium  compound,  so  that 
when  it  is  applied  to  land  a  double  fertilizing  function  is  per- 
formed. 

For  the  purpose  of  adding  calcium,  slaked  lime,  air-slaked 
lime,  ground  gypsum  or  ground  limestone  may  be  used.  If 
lime  is  added  it  will  be  somewhat  caustic  at  first  and  may  act 
upon  organic  matter  and  possibly  mineral  matter,  but  in  a 
short  time  it  will  be  transformed  to  calcium  carbonate,  the 
chief  constituent  of  limestone. 

The  ash  of  potatoes  is  rich  in  potassium,  and  in  fertilizing 
this  crop  this  should  be  borne  in  mind  and  a  preponderance  of 
that  element  provided  in  the  fertilizer  applied.  Similar  fer- 
tilizing is  applicable  for  many  other  garden  crops.  As  the 
profit  in  truck  gardening  lies  largely  in  the  production  of 
early  and  succulent  vegetation,  there  is  in  this  state  prob- 
ably no  line  of  farming  in  which  conmiercial  fertilizers  can 
be  more  profitably  employed.  As  light  sandy  soil  supplies  the 
texture  needed  for  the  production  of  such  crops  most  easily,  it 
is  also  most  likely  to  be  in  need  of  additional  fertility,  as  such 
soils  are  liable  to  be  deficient  in  soluble  substances  and  ni- 
trogen. 

In  the  manuring  of  f  niit  trees  and  orchards  it  must  be  borne 
in  mind  that  too  liberal  a  supply  of  fertilizer  is  liable  to  result 
in  the  production  of  wood  rather  than  fruit.  For  nursery 
stock  this  would  be  no  disadvantage  provided  that  tiie  growth 
produced  is  not  so  rank  as  to  produce  soft,  imperfectly  ma- 
tured wood.  With  fruiting  orchards,  mineral  fertilizers  are 
often  of  great  assistance,  but  an  excess  of  nitrogen  should  be 
avoided. 
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The  New  York  Experiment  Station  (Geneva),  in  its  Bulle- 
tin No.  94,  issued  a  valuable  compilation  of  information  con- 
cerning fertilizers  and  the  requirements  of  various  crops  in 
this  respect.  The  practical  discussion  of  these  data  adds  much 
to  its  usefulness.  By  the  courtesy  of  Prof.  L.  L.  Van  Slyke, 
author  of  the  bulletin,  we  are  permitted  to  make  use  of  some 
of  the  material  in  it.  The  accompanying  table  is  a  rearrange- 
ment, and,  in  respect  to  phosphorus  and  potassium,  a  recalcu- 
lation and  adaptation  of  data  presented  in  that  bulletin,  and 
thankful  acknowledgment  of  our  indebtedness  is  tendered  at 
this  time.  Such  estimates  are  very  useful,  but  must  be  recog- 
nized as  only  approximations.  Our  experience  with  fertilizers, 
thus  far,  in  this  state  has  not  been  sufficient  to  afford  a  basis 
for  recommendations,  and  those  of  Van  Slyke  are  offered  as  a 
valuable  convenience,  for  use  until  local  observations  shall  sug- 
gest modifications.  The  figures  given  cover  the  range  between 
a  moderate  application  and  a  very  heavy  one. 

Table  III.    Showing  in  pounds  per  acre  the  quantdties  of  the  elements  sug- 
gested for  use  in  available  form,  in  fertilizers  for  the  crops  indicated. 


Crops. 

Nitro- 
gen. 

Phoa- 
phoma. 

Potaa- 
ahun. 

Crops. 

Nitro- 
sen. 

Phoa- 
phorua. 

Potaa- 
ainin. 

AlfUfA 

(hlO 
8-18 
2fH0 
12-24 
(hlO 
20-40 
15-W 
16-90 
40-80 
16-80 

4(heo 

40-80 
1(H20 

6-10 
10-20 
80-80 
10-20 
40-80 
10-20 
10-20 

816 
16-80 
20-40 
16-80 
20-40 
16-80 

12.6-26 

18.6-26 

12.6-25 

8.6-17 

12.6-26 

10-20 

12.6-26 

12.6-26 

80-<» 

16-80 

80-00 

20-40 

16-80 

12.6-26 

16-80 

20-40 

10-20 

20-40 

10-20 

10-20 

12.6-26 

12.6-26 

10-20 

12.6^ 

16-80 

10-20 

80-80 

40-80 

80-80 

20-40 

80-80 

80-80 

80-80 

80-80 

76-160 

86-70 

76-160 

60-100 

86-70 

80-80 

26-60 

60-100 

80-80 

76-160 

26-60 

80-80 

86-70 

80-80 

26-60 

80-60[ 

80-160 

8O-80I 

Lettaoa 

40-60 
16^ 
80-80 
10-20 
12-24 
46-00 
20-40 
16  80 
8-18 
6-10 
10-20 
80-60 
80-80 
8-18 
16-30 
12-24 
12-24 
10-20 
16-80 
80-60 
26-60 
80-60 
26-60 
20-40 
80-00 
12-24 

80-40 

12.6-26 

20-10 

10-20 

8.6-17 

26-60 

26-60 

17.6^ 

12.6-26 

12.&-26 

16-80 

17.6-86 

20-40 

12.6-26 

16-80 

17.6-86 

8.6-17 

16-80 

26-60 

20-«0 

26-60 

20-40 

16-80 

10-20 

20-40 

8.6-17 

80-iao 

60-lS 
26-  60 

Apples. 

Mniet 

ABDsraniB. 

Mnakmelona 

Nuraery  atoek 

Oata 

Barky 

R«ma. .............. 

26-00 
70-140 
40-  80 

Beets 

Oniona. 

BlMkberries 

Paranipa. 

Bttckwhcst 

Peachea. ........... 

46-  90 

Csbbese 

Peara 

40-80 
80-80 
86-  TO 

CamytB 

Prat. 

Cantiflcmer 

Plums 

Ofhrry 

Potatoaa 

66-110 

Gherriae. 

60-100 

Clover 

Qaincea 

Radiahea. 

40-  80 

Com 

86-  70 

Caenmbera 

Raapberriea 

Rye 

60-100 

Cnrranta. .;.... 

26-  60 

Bsff  plant. 

Sorffham 

26-  60 

f£:.T...::::;:.:: 

Spinach 

86-  70 

Gooaeberriee 

Sqoaahea 

60-100 

Grapaa. 

Graaa  for  paatnrea. . . 
Graaa  for  lawna. 

Stoawbwriea 

Tobacco. 

80  120 
80-120 

Tomatoaa 

80-  80 

GrsM  ifor  niMMitiws 

Turnips 

80-  80 

Hopa. 

Watermekms 

Wheat 

60-100 

10-20 

THE  VALUATION  OP  FERTILIZERS. 

The  cost  of  fertUizers  varies  considerably,  depending  upon 
distance  from  the  source  of  supply,  labor  expended  in  their 
preparation,  interest  on  capital,  profit  of  dealers,  etc.  Not 
only  does  the  price  of  a  given  material  vary,  but  the  cost  of  a 
particular  element  varies,  depending  on  the  mode  of  combina*- 
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tion  in  which  it  is  purchased.  This  is  due  in  part  to  the 
greater  availability  of  the  element  in  certain  forms  over  that 
of  others,  and  the  consequent  difference  in  esteem  in  which 
the  several  forms  are  held. 

Since  the  relative  adaptability  of  a  given  element  in  the  dif- 
ferent compounds  in  which  it  may  be  obtained  is  not  the  same 
for  all  crops,  it  will  never  be  possible  to  calculate  exactly  the 
relative  value  of  the  element  in  these  different  forms.  For  the 
sake  of  making  approximate  comparisons,  however,  chemists 
for  many  years  have  been  making  estimates  of  the  value  of  fer- 
tilizers. The  chemists  and  directors  of  several  experiment 
stations  agree  annually  upon  the  valuation  to  be  used  for  the 
current  year.  By  means  of  these  valuations  it  is  possible  to 
calculate  approximately  the  relative  worth  of  the  various 
brands  of  fertilizers  on  the  market  and  to  avoid  the  purchase 
of  those  which  are  evidently  deficient  in  value  for  the  price 
asked. 

The  valuations  adopted  are  based  upon  the  selling  price  on 
the  Atlantic  seaboard  of  the  raw  materials  from  which  fer- 
tilizers are  manufactured,  and  hence  do  not  include  any  of  the 
cost  of  manufacture.  The  valuation  adopted  for  1910  by  the 
experiment  stations  of  Maine,  Vermont,  Massachusetts,  Rhode 
Island  and  Connecticut  are  shown  in  the  accompanying  table. 
For  New  Jersey  the  valuations  are  the  same  with  one  slight 
exception  made  necessary  by  a  legally  prescribed  difference  in 
the  mode  of  analysis  of  phosphates. 

Table  IV.     Showing  schedule  of  trade  values  for  1910.     q^^ 

per  pound. 

Nitrogen  in  nitrates * 16 

Nitrogen  in  ammonium  salts 16 

Organic  nitrogen  in  dry  and  fine-ground  fish,  meat  and  blood  and 

in  mixed  fertilizers 20 

Organic  nitrogen  in  fine  bone  and  tankage 20 

Organic  nitrogen  in  coarse  bone  and  tankage 15 

Phosphorus  in  water-soluble  phosphates 10 .3 

Phosphorus  in  ammonium  citrate-soluble  phosphates  and  in  fine- 
ground  bone  and  tankage 9 .  16 

Phosphorus  in  coarse  bone  and  tankage,  cottonseied  meal,  castor 

pomace  and  ashes 8.02 

Phosphorus  in  phosphate  insoluble  in  ammonium  citrate,  mixed 

fertilizers   4.58 

Potassium  in  high-g^rade  potassium  sulphate  and  in  forms  free 

from  chlorides  (muriates) 6 .02 

Potassium  in  potassium  chloride  (muriate) 5.12 
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The  valuations  shown  for  phosphorus  and  potassium  have 
been  calculated  from  the  round  numbers  adopted  for  "phos- 
phoric acid"  and  "potash.'*  For  all  practical  purposes,  the 
figrures  given  above  may  be  rounded  off  to  the  nearest  tenth. 

The  meaning  of  these  valuations  must  not  be  mistaken. 
They  are  based  on  the  cost  of  materials,  not  on  the  returns 
that  they  yield  in  crops.  The  return  received  following  the  use 
of  a  fertilizer  depends  on  many  things  beside  the  fertilizer 
itself.  Among  the  most  important  of  these  is  the  crop  treated. 
A  crop  which  sells  at  a  low  price  will  return  a  much  smaller 
additional  profit  for  a  certain  weight  of  increased  yield  than 
will  a  crop  which  sells  at  a  high  price.  Furthermore,  the 
farmer  may  at  considerable  expense  use  a  fertilizer  that  is  not 
especially  adapted  to  the  requirements  of  the  crop  to  which  it 
is  applied.  Again,  he  may  apply  certain  constituents  to  a  soil 
already  well  supplied  with  them,  and  then  not  even  get  an  addi- 
tional yield.  The  returns  attending  the  use  of  a  fertilizer  are 
thus  seen  to  be  dependent  upon  the  business  intelligence  of  the 
user,  and  this  must  be  applied  to  all  phases  of  the  problem,  not 
merely  to  a  consideration  of  the  fertilizer. 

THE  FERTILIZING  CONSTITUENTS  OP  CROPS. 

The  fact  that  crops  carry  oflf  considerable  amounts  of  potas- 
sium, nitrogen,  phosphorus,  etc.,  is  the  chief  reason  why,  in 
many  places,  it  is^  necessary  to  add  these  elements  to  the  soil. 
Western  farmers  are  all  too  frequently  altogether  ignorant  or 
indifferent  in  respect  to  the  fertilizer  valuations  represented  in 
their  crops,  the  actual  money  outlay  that  would  be  required 
to  return  to  the  soil  in  commercial  forms  the  elements  re- 
moved by  them. 

The  amount  removed  by  a  crop  cannot  be  accurately  calcu- 
lated, as  plants  vary  in  composition  from  several  causes,  the 
composition  of  the  soil  being  one.  Several  chemists  have 
made  estimates  based  on  available  data.  These  differ  consid- 
erably, but  most  of  the  accompanying  table  gives  figures  that 
have  been  calculated  from  one  published  by  Snyder. 

To  these  we  have  added  a  column  showing  what  the  indi- 
cated quantities  of  potassium,  nitrogen  and  phosphorus  would 
cost  if  purchased  in  fertilizers.  For  this  calculation  we  have 
used  the  valuations  previously  presented  for  these  elements. 
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FERTILIZING  ELEMENTS  IN  THE  POOD  CONSUMED  BY 
DOMESTIC  ANIMALS. 

From  the  data  presented  in  table  V  it  is  evident  that  con- 
siderable quantities  of  the  important  elements  of  soil  fertility 
are  contained  in  the  food  consumed  by  domestic  animals.  The 
actual  commercial  value  of  this  is  not  fully  realized  by  most 
farmers,  and  the  value  of  farm  manures  as  compared  with  com- 
mercial fertilizers  is  not  appreciated. 

The  percenta^s  of  fertilizing  elements  in  farm  manures 
vary  greatly,  depending  upon  the  care  with  which  they  are 
protected,  the  character  of  the  feed  consumed  by  the  animals 
and  the  extent  to  which  rotting  has  progressed  or  water  evap- 
orated. The  figures  for  the  fertilizing  constituents  are  always 
low,  but  they  are  present  in  readily  available  form  and  the  ac- 
companying organic  matter  has  itself  a  highly  beneficial  effect 
on  the  land.  Even  with  these  low  percentages  the  total 
amount  of  plant  food  in  the  manure  produced  on  a  farm 
reaches  very  significant  quantities.  The  following  table  has 
been  calculated  from  the  observations  of  several  different  men 
and  may  serve  to  bring  out  strongly  the  value  of  this  neglected 
farm  product: 

Table  VI.  Fertilizer  constitaents  voided  by  one  animal  per  annum,  and 
value,  taking  nitrogen  at  20  cents,  phosphorus  at  8  cents,  and  potassium 
at  6  cents  per  pound. 


ita*.^   i  Amount 
Horse,  ^  y,^,^^ 

r-^-,      i  Amount 
^^'     lvalue.. 

ck^*^    i  Amount 
Sheep,  j  Value... 

T>:^        S  Amount 
^«'       rvalue... 


Nitroffen. 


125  20 
$25  04 

170  60 
$34  12 

8  40 
$1.68 

11  90 
$2  38 


PhOB- 

phorvs. 


20  90 
$1.67 

11  40 
$0.91 

2  40 
$0  19 

4  60 
$0  87 


PotsMium. 


85.90 
$2  15 

89  80 
$5  36 

11  90 
$0  71 

9  90 
$0  59 


ValiM. 


$28.86 

40  49 

2  58 

384 


CHOOSING  FERTILIZERS. 

After  a  farmer  has  decided  to  try  the  effect  of  commercial 
fertilizers  upon  a  given  crop  the  problem  of  deciding  upon  the 
ones  to  be  used  is  likely  to  present  considerable  difficulty. 
The  tables  given  in  this  bulletin  are  designed  to  reduce  the 
work  in  this  connection  to  a  minimum,  but  it  must  be  recog- 
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nized  that  the  use  of  fertilizers  is  an  application  of  science 
in  agriculture,  and  to  do  this  economically  and  with  profitable 
results  requires  intelligent  thought.  Table  III  shows  approxi- 
mately the  quantities  of  the  several  elements  that  may  be 
used,  but  specific  knowledge  of  the  deficiencies  of  one's  soil 
as  shown  by  analysis  or  by  test  crops  may  point  directly  to  im- 
portant modifications  of  those  figures. 

Furthermore,  it  may  be  difficult  to  choose  from  among  the 
fertilizers  registered  in  this  state,  and  especially  the  limited 
number  on  sale  in  one's  own  town,  one  that  will  contain  the 
nitrogen,  phosphorus  and  potassium  in  the  proper  proportions. 
From  these  points  of  view  it  is  not  infrequently  advantageous^ 
to  the  farmer  to  buy  fertilizers  containing  the  elements  which 
he  desires  and  mix  them  himself.  Possibly  one  of  the  ready- 
mixed  fertilizers  available  may  be  modified  by  mixing  with  it 
a  certain  amount  of  one  or  more  other  fertilizers,  thereby^ 
bringing  the  amounts  of  the  several  constituents  to  the  desired 
relation.  In  making  such  calculations  table  VII  will  often  be 
found  extremely  useful. 

MIXING  FERTILIZERS  AT  HOME. 

If,  by  means  of  test  crops  or  otherwise,  the  farmer  has  ar- 
rived at  a  definite  conclusion  concerning  the  fertilizer  that  he 
wishes  to  apply,  it  may  be  almost  necessary  for  him  to  pur- 
chase the  raw  materials  and  mix  them  himself.  If  so  he 
should  bear  in  mind  that  they  should  be  as  finely  ground  as 
practicable  and  that  he  must  mix  them  with  extreme  care  if 
the  product  is  to  fulfill  his  expectations.  Unless  a  uniform 
mixture  is  made  the  several  constituents  of  the  fertilizers  will 
not  be  distributed  in  the  same  relative  amounts  over  his  fields. 
Unless  they  are  finely  ground  they  cannot  be  perfectly  mixed,, 
nor  uniformly  distributed  through  the  soil,  and  hence  the  crops 
cannot  profit  by  them  to  the  same  extent. 

For  mixing  fertilizers  on  the  farm  all  that  is  required  is  a 
smooth  floor,  shovels,  and  a  screen  of  three  or  four  meshes  to 
the  linear  inch.  The  fertilizers  purchased,  though  they  may 
have  been  finely  ground,  are  liable  to  pack  in  the  bags  and  be- 
come lumpy.  The  rather  coarse  screen  specified  is  for  the  pur- 
pose of  separating  these  lumps,  which  must  be  pounded  up 
until  all  will  pass  the  screen. 

In  mixing,  the  most  bulky  of  the  fertilizers  is  first  spread 
out  evenly  on  the  fioor  in  a  layer  a  few  inches  thick.    The  next 
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in  bulk  is  then  spread  evenly  over  this,  and  so  on  until  all  are 
spread  out.  The  mass  is  then  shoveled  to  one  side  in  a  ridge 
or  pyramid  in  such  a  manner  as  to  mix  the  different  parts  as 
much  as  possible.  The  shoveling  is  repeated  two  or  three 
times,  making  three  or  four  shovelings  of  it  all  together. 

Analyses  made  of  home  mixtures  so  prepared  have  shown 
that  satisfactory  uniformity  in  composition  may  be  obtained, 
and  field  experiments  with  such  fertilizers  have  given  results 
equal  to  those  afforded  by  factory-mixed  fertilizers  of  the 
same  composition.  The  saving  in  cash  outlay  is  considerable 
and  is  well  worth  attention.  One  should  not  undertake  home 
mixing,  however,  unless  equipped  to  do  the  work  properly  and 
willing  to  give  it  sufficient  attention  to  see  that  it  is  well  done. 

FUNDAMENTAL  COMMERCIAL  FERTILIZERS. 

In  the  preparation  of  mixed  fertilizers,  either  by  large  man- 
ufacturers or  by  the  farmer  for  his  own  use,  certain  substances 
are  available  in  considerable  quantities.  For  the  convenience 
of  the  farmer.a  table  is  given  herewith  showing  the  composi- 
tion of  these  that  he  may  have  something  to  guide  him  in 
choosing.  The  different  ones  are  grouped  according  to  the 
element  for  which  the  fertilizer  is  employed,  chiefly,  though 
it  will  be  seen  that  some  contain  more  than  one  element  and 
all  must  be  taken  into  account  in  <^lculating  the  formula  for 
a  mixed  fertilizer.  The  figures  for  commercial  fertilizers  are 
calculated  from  a  table  published  by  Voorhees  in  Farmer's 
Bulletin  No.  44,  United  States  Department  of  Agriculture.  A 
statement  concerning  the  composition  of  farm  manures  is  also 
included  for  comparison  and  for  general  reference.  Farm 
manures  vary  enormously  in  composition,  depending  to  a  cer- 
tain extent  on  the  species  of  the  animal,  but  more  on  the  feed 
of  the  animal,  the  amount  of  water  in  the  manure,  the  amount 
of  bedding,  whether  or  not  both  solid  and  liquid  excretions  are 
included,  and  the  extent  to  which  fermentation  has  taken 
place.  The  figures  given  are  the  average  of  selections  made 
from  Storer's  compilation,  and  apply  to  fresh  or  nearly  fresh 
manures,  free  from  litter.  As  an  average  for  well-kept  mixed 
barnyard  manure  from  cattle,  one  may  without  serious  error 
assume  a  composition  of  0.5  per  cent  nitrogen,  0.14  per  cent 
phosphorus  and  0.42  per  cent  potassium.  A  similar  product 
from  horses  may  be  taken  as  containing  0.5  per  cent  nitrogen, 
0.11  per  cent  phosphorus  and  0.40  potassium. 
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HOW  TO  CALCULATE  THE  QUANTITIES  OP 
FERTILIZERS  TO  BE  APPLIED. 

Unless  previous  plot  testing  has  shown  the  nature  of  the 
deficiency  in  one's  soil,  the  quantities  of  nitrogen,  potassium 
and  phosphorus  to  be  applied  to  the  several  crops  may  be  de- 
termined by  consulting  table  III.  For  example,  the  amounts 
recommended  for  potatoes  are:  30  to  60  pounds  of  nitrogen, 
17.5  to  35  of  phosphorus  and  55  to  110  of  potassium. 

These  elements,  however,  cannot  be  applied  as  such,  and 
would  be  useless  or  injurious  if  so  appli^.  Plants  get  them 
in  various  compounds,  such  as  nitrates,  ammonium  salts,  or- 
ganic waste  products,  phosphates,  potassium  salts,  etc.  These 
substances  as  they  occur  in  commerce  vary  considerably  in 
their  content  of  the  desired  constituents,  and  certain  arithmet- 
ical calculations  are  necessary  in  order  to  ascertain  the  quanti- 
ties of  any  one  to  be  used  to  apply  the  desired  amounts  of 
nitrogen,  potassium  or  phosphorus,  as  the  case  may  be.  While 
these  calculations  are  not  difRcult,  table  VIII  has  been  pre- 
pared that  the  labojr  of  making  them  may  be  reduced  to  a 
minimum. 

Suppose  that  it  has  been  decided  to  apply  fertilizers  carry- 
ing 45  pounds  of  nitrogen,  26  of  phosphorus  and  80  of  potas- 
sium in  available  forms.  These  amounts  might  be  supplied  by 
various  substances  as  shown  by  table  VII.  The  calculation 
is  simplest  if  the  materials  chosen  are  such  that  each  furnishes 
but  one  of  the  fertilizing  elements.  For  example,  sodium 
nitrate  might  be  chosen  to  supply  nitrogen,  Florida  super- 
phosphate for  phosphorus  and  potassium  sulphate  for  potas- 
sium. Their  composition  may,  for  illustration,  be  assumed  to 
be  15.8  per  cent  nitrogen  in  the  nitrate,  7  per  cent  available 
phosphorus  in  the  superphosphate,  and  42.2  per  cent  potassium 
in  the  potassium  sulphate. 

By  referring  to  table  yill,  in  the  columns  marked  "percent- 
age present"  one  finds  the  numbers  15.8,  7.0  and  42.2,  and 
opposite  these  to  the  right,  in  columns  headed  ^'pounds  re- 
quired," he  finds  the  corresponding  weights  necessary  to 
furnish  one  pound,  viz.,  6.33  pounds  of  the  sodium  nitrate  for 
one  pound  of  nitrogen,  14.3  pounds  of  the  superphosphate  for 
one  pound  of  phosphorus,  and  2.37  pounds  of  the  potassium 
sulphate  for  one  pound  of  potassium.  The  total  amount  of 
^ach  required  is  found  by  multiplying  the  amount  that  con- 
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taina  erne  pound  by  the  pounds  of  the  etoenent  required  in 
each  case.    Thus: 

6.33  X  45  =  284.9  sodium  nitrate, 
14.30  X  26  =  371.8  superphosphate, 
2.37  X  80  =  189.6  potassium  sulphate. 

If,  however,  one  wishes  to  use  dissolved  bone  as  the  source 
of  the  phosphorus  he  must  take  account  also  of  the  nitrogen 
in  it  Suppose  that  it  contains  2.5  per  cent  of  nitrogen  and 
6.4  per  cent  of  phosphorus  in  available  form.  A  little  thought 
win  show  that  although  it  contains  nitrogen  it  cannot  be  used 
as  the  sole  source  of  that  element  without  adding  much  more 
phosphorus  than  desired,  for  it  is  proposed  to  apply  45  of 
nitrogen  and  26  of  phosphorus,  or  nearly  twice  as  much  nitro- 
gen as  phosphorus,  while  in  the  dissolved  bone  there  is  over 
twice  as  much  phosphorus  as  nitrogen. 

The  first  step  then  is  to  compute  the  amount  of  the  dissolved 
bone  necessary  to  furnish  the  26  pounds  of  phosphorus.  By 
reference  again  to  table  VIII  one  finds  that  with  a  percentage 
of  6.4,  15.6  pounds  will  be  required  to  give  one  pound  of 
phosphorus.  The  total  weight  required  would  be  15.6  X  26  = 
405.6  pounds.  As  this  contains  2.5  per  cent  of  nitrogen,  the 
quantity  of  that  element  contained  in  the  bone  is  found  by 
multipl3ring  by  the  rate  per  cent  and  dividing  by  100.    Thus, 

— '- '—  =-  10 .  14,  which  is  the  number  of  pounds  of  nitrogen 

lOO 

in  the  405.6  pounds  of  bone.  As  the  total  nitrogen  to  be  ap- 
plied is  45  pounds,  45  — 10.14  =  34.86,  the  number  of  pounds 
to  be  supplied  by  other  means.  This  might  be  by  a  concen- 
trated tankage  carrying  12.5  per  cent  of  nitrogen.  By  means 
of  table  VIII  it  is  seen  that  of  such  tankage  eight  pounds  will 
be  needed  to  supply  one  pound  of  nitrogen.  To  supply  84.86 
pounds,  34.86  X  8  =  278.88  pounds  will  be  required. 

If  now  we  suppose  that  the  potassium  is  to  be  furnished  by 
means  of  imleached  wood  ashes  containing  5.9  per  cent  of 
potaafiium,  we  see  by  table  VIII  that  17  pounds  of  the  ashes 
will  be  necessary  for  each  pound  of  potassium  to  be  supplied. 
Hence  80  X  17  =  1360  is  the  number  of  pounds'  required  with 
the  405.6  pounds  of  dissolved  bone  and  278.88  pounds  of  con- 
centrated tankage,  to  supply  80  pounds  of  potassium,  26  of 
phosphorus  and  45  of  nitrogen.  The  bone  and  tankage  also 
-csrry  small  quantities  of  phosphorus  in  forms  not  rated  as 
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available,  but  which  are  of  value,  as  natural  processes  will 
gradually  change  them  to  available  compounds. 

On  principles  similar  to  those  illustrated  above  the  quantities 
required  of  any  fertilizers  chosen  may  be  computed,  and  any 
desired  amounts  of  nitrogen,  phosphorus  and  potassium  sup- 
plied in  the  mixture  thus  calculated. 

FILLER  IN  FERTILIZERS. 

There  is  likely  to  be  an  important  misconception  in  reference 
to  the  amount  of  inert  material  in  fertilizers  as  sold.  Thus 
if  a  fertilizer  is  guaranteed  to  contain  7  per  cent  phosphorus, 
8  of  potassium  and  4  of  nitrogen,  the  first  impression  must  be 
that  the  remaining  81  per  cent  is  unnecessary  "filler."  The 
farmer  may  think  that  he  is  being  cheated  as  to  quality,  and 
in  any  event  is  obliged  to  pay  freight  on  worthless  material. 
This  view  may  at  times  or  to  a  certain  extent  have  a  real 
justification,  but  it  may  be  unfounded  for  the  most  part  Let 
us  see  how  this  comes  about 

The  elements  phosphorus,  potassium  and  nitrogen  are  never 
used  in  the  pure,  free  state  as  fertilizers.  Nitrogen  is  a  gas, 
and  abundantly  present  in  the  air  but  cannot  be  appropriated 
by  any  field  crops  except  the  legumes.  Phosphorus  and  po- 
tassium would  be  wholly  unfit  to  apply  to  land  in  the  free  state, 
and  are  very  costly  to  prepare  from  their  compounds  even  if 
the  elements  themselves  as  such  were  suitable  to  put  on  the  soil. 
These  elements  are  merely  the  measures  of  value  of  the  con- 
siderable variety  of  their  compounds  present  in  soils  and  ferti- 
lizers. These  compounds  are  the  real  fertilizing  substances 
and  the  other  elements  combined  in  them  with  the  nitrogen,, 
phosphorus  and  potassium  are  necessarily  present  in  order 
that  these  three  may  be  supplied  to  plants  in  a  form  that  can 
be  taken  up  and  utilized.    Examples  may  make  this  plainer. 

Sodium  nitrate  or  Chili  saltpeter  is  one  of  the  most  valuable 
nitrogenous  fertilizers.  In  the  pure  state  it  contains  16.5  per 
cent  of  nitrogen.  It  might  seem  that,  if  nitrogen  is  the  ele- 
ment that  it  is  desired  to  oflFer  the  crop,  the  remainder  of 
the  substance  is  "filler.**  This  view  would  be  quite  wrong,, 
however,  as  the  sodium  and  the  oxygen  that  make  up  the  re- 
maining 83.5  per  cent  are  essential  to  the  existance  of  the 
Chili  saltpeter. 

Similarly,  potassium  chloride,  or  "muriate  of  potash,**  an- 
other compound  largely  used  in  fertilizers,  is  only  52.3  per 
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cent  potassium,  but  the  47.7  per  cent  of  chlorine  present  is  as 
necessary  to  the  formation  of  potassium  chloride  as  is  the  po- 
tassium itself. 

Again,  if  a  superphosphate  should  be  prepared  from  pure 
calcium  phosphate  and  sulphuric  acid  it  would  contain  only 
12.2  per  cent  of  phosphorus.  It  would  also  contain  23.1 
per  cent  of  calcium,  which  in  some  soils  would  be  a  valuable^ 
element  to  add.  Even  counting  that,  the  sulphur,  hydrogen 
and  oxygen,  constituting  the  remainder  of  the  superphosphate 
and  without  which  it  could  not  exist,  make  up  64.1  per  cent 
of  the  substance. 

A  fertilizer  compounded  of  1200  pounds  of  such  pure  super- 
phosphate, 500  pounds  of  pure  sodium  nitrate  and  300  pounds 
of  pure  potassium  chloride  per  ton,  would  be  a  perfectly  pure 
fertilizer,  yet  it  would  contain  in  the  aggregate  only  7.3  peF 
cent  of  phosphorus,  7.8  of  potassium  and  4.1  of  nitrogen,  or 
19.2  per  cent  all  together.  The  remaining  elements  are  un-< 
avoidably  present,  as  plants  cannot  utilize  the  free  elements, 
but  must  receive  them  in  compounds  such  as  those  named. 

It  will  be  seen  that  even  with  perfectly  pure  fertilizing  sub- 
stances it  is  impossible  to  avoid  a  large  percentage  of  seem- 
ingly useless  elements*  However,  substances  as  they  occur  in 
nature  are  seldom  pure,  and  the  cost  of  purifying  them  is 
often  very  large.  The  phosphate  rock  of  Florida,  South  Caro- 
lina and  Tennessee  is  on  the  average  much  below  pure  calcium 
phosphate  in  its  content  of  phosphorus,  and  to  purify  com- 
pletely these  natural  products  is  not  economically  possible. 
It  is  much  better  to  sell  them  in  a  somewhat  impure  condition, 
either  with  or  without  previous  conversion  into  superphos- 
phate, and  pay  freight  on  useless  material,  than  to  go  to  the 
great  expense  of  putting  the  rock  through  a  long  and  costly 
chemical  process  for  its  purification.  Similar  considerations 
apply  to  nitrogenous  and  potassic  fertilizing  materials  also. 
One  is,  therefore,  not  in  position  to  condemn  a  fertilizer  as 
weighted  with  worse  than  useless  "filler"  until  he  knows  what 
substances  have  been  used  as  the  source  of  the  several  ele- 
ments of  fertility  and  has  made  a  somewhat  troublesome 
arithmetical  calculation. 

It  should  also  be  clear  that  the  valuation  of  any  fertilizer 
can  be  made  only  by  taking  into  consideration  the  percentage 
of  the  fertilizing  elements,  and  that  a  guaranty  concerning 
them  is  essential  as  a  safeguard  to  the  purchaser.    It  will  also 
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be  seen  that  high-grade  fertilizers  are  not  only  worth  more 
because  of  their  higher  content  .of  the  fertilizing  elements, 
but  that  pound  for  pound  these  elements  are  worth  somewhat 
more  in  such  fertilizers  by  reason  of  the  saving  in  freight 
and  handling. 

EXPLANATION    OP    THE    USE    OP    TABLE    VHI. 

Table  VIII  requires  but  little  explanation.  Although  in- 
cluded here  because  of  its  applicability  in  making  computa- 
tions relative  to  fertilizers,  it  presents  purely  mathematical  re- 
lations that  may  be  used  in  connection  with  anything  else. 
Eeally  the  figures  in  the  columns  headed  "pounds  required"  are 
the  reciprocals  of  numbers  one  one-hundredth  as  large  as  the 
numbers  opposite  under  the  heading  "percentage  present.** 
Thus  1000  is  the  reciprocal  of  0.001,  500  of  0.002,  125  of  0.008, 
20  of  0.05,  etc.  This  table  has  been  made  up  by  adapting  and 
extending  a  table  of  reciprocals  of  numbers  given  in  Holman^s 
"Computation  Rules  and  Logarithms.** 

Suppose  that  the  farmer  has  decided  to  apply  in  a  certain 
case  500  pounds  of  phosphorus  to  land,  and  to  supply  this  in  the 
form  of  a  finely  ground  rock  phosphate  containing  13.5  per 
cent  of  phosphorus.  By  looking  in  table  VIII,  in  the  columns 
headed  "percentage  present,**  until  the  figures  13.5  are  reached, 
one  finds  opposite,  to  the  right,  in  the  column  headed  "pounds 
required,*'  the  number  7.407.  From  this  he  knows  that  7.407 
pounds  of  the  phosphate  rock  containing  13.5  per  cent  of  phos- 
phorus will  furnish  one  pound  of  phosphorus ;  hence  to  get  the 
500  pounds  of  phosphorus  required  he  must  obtain  500  times 
7.407,  or  3703.5  pounds. 

Suppose,  on  the  other  hand,  that  his  data  are  stated  in  figures 
for  "phosphoric  acid**  instead  of  phosphorus,  and  that  he  has 
decided  to  use  1145  pounds  of  "phosphoric  acid*'  on  his  land, 
and  that  the  rock  phosphate  that  he  has  in  view  contains  30.9 
per  cent  of  "phosphoric  acid.**  By  finding  in  table  VIII  under 
"percentage  present*'  the  number  30.9,  he  finds  opposite,  to 
the  right,  under  "pounds  required,**  the  number  3.236.  This 
shows  the  number  of  pounds  of  the  rock  phosphate  required  to 
furnish  one  pound  of  phosphoric  acid,  and  by  multiplying  1145 
by  3.236  he  finds  that  3705.2  pounds  of  the  rock  phosphate  will 
be  required.  This  result  diiFers  slightly  from  the  one  calcu- 
lated from  the  figures  for  phosphorus,  because  in  both  cases 
small  fractions  have  been  dropped  oif . 
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Again,  suppose  that  the  farmer  has  decided  to  apply  500 
pounds  of  phosphorus,  but  that  in  quoting  prices  to  him  the 
rock  phosphate  is  guaranteed  to  contain  30.9  per  cent  of 
"phosphoric  acid/'  how  shall  he  proceed  to  ascertain  the  num- 
ber of  pounds  necessary?  He  may  find  the  amount  of  "phos- 
phoric acid''  equivalent  to  the  500  pounds  of  phosphorus  by  con- 
sulting table  IX,  thus  finding  it  to  be  1145  pounds.  He  will 
then  continue  as  just  described  and  compute  the  number  of 
pounds  of  phosphate  containing  30.9  per  cent  of  "phosphoric 
acid"  required  to  furnish  1145  pounds  of  "phosphoric  acid." 
On  the  other  hand,  he  may  ascertain  the  percentage  of  phos- 
phorus equivalent  to  30.9  per  cent  of  "phosphoric  acid"  by  the 
use  of  table  IX.  This  will  be  found  to  be  13.5,  and  the  compu- 
tation may  be  made  as  first  described. 

As  already  indicated,  table  VIII  may  be  used  for  other  pur- 
poses. If  one  knows  the  percentage  of  protein  in  a  feed  he  can 
read  off  the  number  of  pounds  necessary  to  furnish  one  pound 
of  protein.  Thus  if  an  alfalfa  hay  contains  12.3  per  cent,  of 
protein,  the  table  shows  that  8.13  pounds  of  the  hay  will  con- 
tain one  pound  of  the  protein. 

If  a  lot  of  sugar  beets  contains  15.7  per  cent  of  sugar  the 
table  shows  that  6.369  pounds  of  the  beets  would  contain  a 
pound  of  sugar. 

If  com  silage  contains  23  per  cent  of  dry  matter,  4.348 
pounds  would  be  required  to  furnish  one  pound  of  dry  matter. 

If  an  ore  contains  11.2  per  cent  of  copper,  8.929  pounds  may 
be  read  directly  from  the  table  as  the  weight  of  ore  that  con- 
tains one  pound  of  copper. 

Examples  might  be  multiplied  indefinitely,  but  these  will 
suffice  to  show  the  class  of  problems  the  solution  of  which  is 
facilitated  by  table  VIII. 
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Table  VIII.  Showing  the  number  of  pounds  of  a  fertilizer 
required  to  furnish  one  pound  of  any  element  when  the 
percentage  of  that  element  present  in  the  fertilizer  is 
known. 


0.1 
0.2 
0.8 
0.4 
0.5 
0.6 
0.1 
0.8 
0.9 
1.0 

1.1 

1.2 
1.8 
1.4 
1.6 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.8 
2.4 
2.6 
2.6 
2.7 
2.8 
2.9 
8.0 
8.1 
8.2 
8.8 
84 
8.6 
8.6 
8.7 
8.8 
8.9 
4.0 
4.1 
4.2 
4.8 
4.4 
4.6 
4.6 
4.7 
4.8 
4.9 
6.0 
6.1 
6.2 
6.8 
6.4 
6.6 
6.6 
6.7 
6.8 
6,9 
6.0 
61 
6.2 
6.8 


88.88 

7.5 

18.88 

18.8 

7.246 

20.1 

76.98 

7.6 

18.16 

18.9 

7.194 

20.8 

71.48 

7.7 

12.99 

14.0 

7.148 

20.8 

66.68 

7.8 

12.82 

14.1 

7.092 

20.4 

6t.50 

7.9 

12.66 

14.2 

7.042 

20.6 

68.82 

8.0 

12.50 

14.8 

6.996 

20.6 

66.66. 

8.1 

12.86 

14.4 

6.944 

20.7 

62.68 

8.2 

12.20 

14.6 

6.897 

20.8 

60.00 

8.8 

12.06 

14.6 

6.849 

20.9 

47.62 

8.4 

11.90 

14.7 

6.808 

21.0 

46.46 

8.6 

11.76 

14.8 

6.757 

21.1 

48.48 

8.6 

11.68 

14.9 

6.711 

21.2 

41.67 

8.7 

11.49 

16.0 

6.667 

21.8 

40.00 

8.8 

11.86 

15.1 

6.628 

21.4 

88.46 

8.9 

11.24 

15.2 

6  579 

21.6 

87.04 

9.0 

11.11 

15.8 

6.686 

21.6 

86  71 

9.1 

10.99 

15.4 

6.494 

21.7 

84.48 

9.2 

10.87 

15.6 

6.452 

21.8 

88.88 

9.8 

10.75 

16.6 

6.410 

21.9 

82.28 

9.4 

10.64 

15.7 

6.869 

22.0 

81.26 

9.6 

10.58 

16.8 

6.829 

22.1 

80.80- 

9.6 

10.42 

16.9 

6.289 

Zt.2 

29.41 

9.7 

10.81 

16.0 

6.260 

22.8 

28.67 

9.8 

10.20 

16.1 

6.211 

22.4 

27.78 

9.9 

10.10 

16.2 

6.178 

22.6 

27.08 

10.0 

10.00 

16.8 

6.185 

22.6 

26.82 

10.1 

9.901 

16.4 

6.096 

22.7 

25.64 

10.2 

9.804 

16.5 

6.061 

22.8 

26.00 

10.8 

9.709 

16.6 

6.024 

22.9 

24.89 

10.4 

9.615 

16.7 

5  968 

28.0 

28.81 

10.6 

9.524 

16.8 

6.962 

28.1 

28  26 

10.6 

9.484 

16.9 

6.917 

28.2 

22.73 

10.7 

9.846 

17.0 

6.882 

28.8 

22.22 

10.8 

9.250 

17.1 

6.848 

23.4 

21.74 

10.9 

9.174 

17.2 

6.814 

28.6 

21.28 

U.O 

9.091 

17.8 

5.780 

28.6 

20.83 

11.1 

9.009 

17.4 

5.747 

28.7 

20.41 

11.2 

8.929 

17.5 

6.714 

28.8 

20.00 

11.8 

8.850 

17.6 

6.682 

28.9 

19.61 

11.4 

8.772 

17.7 

5.660 

24.0 

19.28 

11.6 

8.696 

17.8 

6.618 

24.1 

18.87 

11.6 

8.621 

17.9 

5.587 

24.2 

18.62 

11.7 

8.547 

18.0 

5.556 

24.8 

18.18 

11.8 

8.475 

18.1 

5.525 

24.4 

17.86 

11.9 

8.408 

18.2 

5.495 

24.6 

17.64 

12.0 

8.833 

18.8 

5.464 

24.6 

17.24 

12.1 

8.264 

18.4 

5.435 

24.7 

16.95 

12.2 

8.197 

18.5 

5.405 

24  8 

16.67 

12.8 

8.130 

18.6 

5.376 

24.9 

16.89 

12.4 

8.065 

18.7 

5.848 

25.0 

16.18 

12  6 

8.000 

18.8 

5.319 

16.87 

12.6 

7.987 

18.9 

6.291 

4.975 
4.950 
4.926 
C902 
4.878 
4.864 
4.881 
4.808 
4.786 
4.762 
4789 
4.717 
4.696 
4.078 
4.661 
4.630 
4.608 
4.587 
4.666 
4.645 
4.625 
4.506 
4.484 
4.464 
4.444 
4.426 
4.406 
4.886 
4.867 
4.848 
4.829 
4.810 
4.298 
4.274 
4.266 
4.287 
4.219 
4.202 
4.184 
4.167 
4.149 
4.182 
4.116 
4.098 
4.062 
4.065 
4.049 
4.(« 
4.016 
4.000 
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Table  VIII 

"Continued, 

*-o 

*0 

*o 

8.984 

ft 

:? 

r*E 

25.1 

81.4 

3.185 

Vl.l 

25.2 

8.968 

81.6 

3.175 

87.8 

26.8 

8.968 

31.6 

3.165 

37.9 

SI 

8.967 

81.7 

3.166 

88.0 

8.922 

81.8 

3.146 

88.1 

25.6 

8.906 

81.9 

3.135 

88.2 

26.7 

8.891 

S:? 

8.125 

38.8 

26.8 

8.876 

3.116 

88.4 

26.9 

8.861 

82.2 

8.106 

88.6 

96.0 

8.846 

32.8 

3.006 

88.6 

26.1 

8.881 

82.4 

3.086 

38.7 

26.2 

8.817 

32.6 

3.077 

88.8 

26.8 

8.802 

32.6 

3.067 

38.9 

26.4 

8.788 

82.7 

3.068 

89.0 

26.5 

8.774 

82.8 

3.049 

89.1 

26.6 

8.769 

82.9 

3.040 

89.2 

26.7 

8.745 

88.0 

3.080 

89.3 

2.645 

46.6 

2.198 

26.8 

8.781 

88.1 

8.081 

89.4 

2.588 

46.7 

2.188 

26.9 

8.717 

88.2 

8.012 

89.5 

2.582 

46.8 

2.188 

27.0 

8.704 

88.8 

8.008 

89.6 

2.525 

46.9 

2.179 

27.1 

8.680 

88.4 

2.994 

897 

2.519 

46.0 

2.174 

27.2 

8.676 

88.5 

2.966 

89.8 

2.513 

46.1 

2.169 

27.8 
27.4 

8.668 
8.660 

88.6 
88.7 

2.976 
2.967 

89.9 
40.0 

2.606 
2.500 

46.2 
46.3 

2.165 
2.160 

27.6 

8.686 

88.8 

2.969 

40.1 

2.494 

46.4 

2  166 

27.6 

8.628 

38.9 

2.960 

40.2 

2.488 

46.5 

2.161 

27.7 

8.610 

84.0 

2.941 

40.3 

2.481 

46.6 

2.146 

27.8 

8.607 

34.1 

2.988 

40.4 

2.476 

46.7 

2.141 

27.9 

8.684 

84.2 

2.924 

40.6 

2.469 

46.8 

2.187 

28.0 

8.571 

34.3 

2.915 

40.6 

2.463 

469 

2.132 

28.1 

8.669 

84.4 

2.907 

40.7 

2.467 

47.0 

2.128 

28.2 

8.546 

34.6 

2.899 

40.8 

2.451 

47.1 

2.123 

28.8 

8.684 

84.6 

2.890 

40.9 

2.446 

47.2 

2.119 

28.4 

8.621 

84.7 

2.882 

41.0 

2.439 

47.3 

2.114 

28.5 

8.609 

84.8 

2.874 

41.1 

2.488 

47.4 

2.110 

28.6 

8.497 

34.9 

2.865 

41.2 

2.427 

47.6 

2.106 

28.7 

8.484 

35.0 

2.867 

41.8 

2.421 

47.6 

2.101 

28.8 

8.472 

86.1 

2.849 

41.4 

2.415 

47.7 

2.096 

28.9 

8.460 

85.2 

2.841 

41.6 

2.410 

47.8 

2.092 

29.0 

8.448 

35.3 

2.833 

41.6 

2.404 

47.9 

2  0x8 

29.1 

8.486 

86.4 

2.825 

41.7 

2.398 

48.0 

2.088 

29.2 

8.425 

86.5 

2.817 

41.8 

8.892 

48.1 

2.079 

29.3 

8.418 

86.6 

2.809 

41.9 

2.387 

48.2 

2.076 

29.4 

8.401 

85.7 

2.801 

42.0 

2.881 

48.3 

2.070 

29.5 

8.890 

86.8 

2.798 

42.1 

2.875 

48.4 

2.066 

29.6 

3.878 

35.9 

2.786 

42.2 

2.870 

48.6 

2.062 

29.7 

8.867 

86.0 

2.778 

42.8 

2.864 

48.6 

2.068 

29.8 

8.856 

36.1 

2.770 

42.4 

2.868 

48.7 

2.063 

29.9 

3.844 

36.2 

2.762 

42.5 

2.368 

48.8 

2.049 

80.0 

8.388 

86.8 

2.766 

42.6 

2.847 

48.9 

2.045 

80.1 

3.822 

36.4 

2.747 

42.7 

2.842 

49.0 

2.041 

80.2 

8.811 

86.6 

2.740 

42.8 

2.886 

49.1 

2.087 

80.8 

3.300 

86.6 

2.782 

42.9 

2.331 

49.2 

2.083 

80.4 

8.289 

36.7 

2.726 

48.0 

2.826 

49.3 

2.028 

80.6 

8.279 

36.8 

2  717 

48.1 

2320 

49.4 

2.024 

80.6 

8.268 

86.9 

2.710 

48.2 

2.315 

49.6 

2.020 

80.7 

8.257 

37.0 

2.708 

48.8 

2.809 

49.6 

2.016 

80.8 

8.247 

37.1 

2.696 

43.4 

2.804 

49.7 

2.012 

80.9 

3.286 

37.2 

2.688 

43.5 

2.299 

49.8 

2.008 

81.0 

3.226 

87.3 

2.681 

48.6 

2.294 

49.9 

2.004 

81.1 

3.216 

87.4 

2.674 

43.7 

2.288 

60.0 

2.000 

81.2 

8.206 

87.5 

2.667 

43.8 

2.288 

81.8 

3.196 

87.6 

2.660 

43.9 

2.278 
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fO.l 

1.896 

66.4 

i.m 

62.7 

fO.2 

1.982 

•6.6 

1.710 

•2.8 

•0.8 

1.988 

•6.6 

1.117 

•2.9 

iO.4 

1.994 

•6.7 

1.184 

•8.9 

•0.6 

1.9i0 

•6.8 

1.181 

•9.1 

iO.6 

1.916 

•6.9 

1.117 

•8.2 

iO.7 

l.» 

6V.0 

1.164 

•8.8 

•0.8 

1.999 

S7.1 

1.181 

•8.4 

iO.9 

1.996 

•9.2 

1.746 

•8.6 

fii.e 

1.961 

•7.8 

1.746 

•2.6 

fil.l 

1.997 

67.4 

1.142 

•9.7 

Cl^ 

1.988 

07.6 

1.189 

•9.8 

•1.8 

1.919 

•7.6 

l.W 

•9.9 

•1.4 

1.946 

•7.7 

l.W 

•4.9 

•1.6 

1.942 

•7.8 

i.no 

•4.1 

•1.6 

1.988 

•7.9 

1.1S7 

•4.2 

•1.7 

1.8M 

•8.0 

1.V4 

64.8 

•1.8 

1.991 

•6.1 

I.m 

•4.4 

61.9 

1.927 

98.2 

1.718 

•4.6 

ffi.e 

1.988 

68.8 

i.nfi 

•4.6 

ie.i 

1.91« 

68.4 

1.712 

•4.7 

•2.8 

1.91(6 

•8.6 

i.voe 

•4.8 

e.8 

1.912 

•8.6 

1.796 

•4.9 

€2.4 

1.998 

68.7 

1.104 

66.0 

62.6 

1.906 

68.8 

1.701 

•6.1 

62.6 

1.901 

68.9 

1.696 

66.2 

62.7 

1.886 

69.0 

1.696 

66.8 

62.8 

1.894 

69.1 

1.692 

66.4 

62.8 

1.880 

69.2 

1.689 

66.6 

68.0 

1.887 

69.8 

1.686 

65.6 

68.1 

1.888 

69.4 

1.694 

66.7 

68.2 

1.880 

69.6 

1.681 

•6.8 

68.8 

1.816 

69.6 

1.61B 

66.9 

68.4 

1.878 

69.7 

1.676 

•6.9 

•8.6 

1.889 

69.8 

1.672 

•6.1 

68.6 

1.896 

69.9 

1.660 

06.2 

68.7 

1.862 

60.0 

1.667 

•6.8 

68.8 

1.889 

90.1 

1.664 

66.4 

•8.9 

1.886 

69.2 

1.061 

•6.6 

64.0 

1.882 

90.8 

1.68B 

•6.6 

•4.1 

1.848 

90.4 

1.686 

66.7 

64.2 

1.846 

60.6 

1.668 

66.8 

64.8 

1.842 

90.6 

1.660 

06.9 

•4.4 

1.88^ 

90.7 

1.647 

67.9 

64.6 

1.886 

90.8 

1.646 

67.1 

64.6 

1.882 

60.9 

1.642 

67.2 

64.7 

1.886 

61.9 

1.689 

•7.8 

•4.8 

1.886 

61.1 

1.687 

<f.4 

•4.9 

1.821 

61.2 

1.684 

67.6 

•6.9 

1.816 

61.8 

1.681 

•7.6 

16.1 

1.816 

•1.4 

1.689 

•7.7 

•6.2 

1.812 

•1.6 

1.986 

•7.8 

•6.8 

1.886 

€1.6 

1.688 

•7.9 

•6.4 

1.886 

•1.7 

1.921 

68.0 

•6.6 

1.802 

61.8 

1  618 

•8.1 

•6.6 

l.«9 

•t.9 

1.6M 

•8.2 

•6.7 

1.186 

•2.0 

1.611 

•8.8 

CS.8 

l.W 

•2.1 

1.6M> 

•8.4 

•6.9 

l.«9 

•2.2 

1.688 

•8.6 

••9 

l.W 

•2.8 

1.906 

•8.6 

66.1 

1.788 

•8.4 

1.909 

•2.7     . 

66.2 

1.779 

•2.6 

1.6M> 

•8.8 

86.8    < 

1.776    * 

62.6    * 

1.697 

68.9 

1.696 
1.608 
1.690 
1.687 
1.686 
1.682 
1.180 
1.6f7 
1.6» 
1.9B 
1.670 
1.697 
1.666 
1.668 
1.660 
1.668 
1.666 
1.668 
1.660 
1.648 
1.646 
1.648 
1.641 
1.688 
1.686 
1.684 
1.681 
1.689 
1.627 
1.624 
1.622 
1.620 
1.617 
1.616 
1.618 
1.6U 
1.606 
1.606 
1.604 
1.608 
1.489 
1.497 

l!498 
1.40O 
1.488 
1.486 
1.484 
1.481 
1.419 
l.«7 
1.4K 
1.4» 
1.471 
1.468 
1.468 
1.464 
1.462 
1.480 
1.462 
1.468 
1.462 
1.461 


68.0 
•8.1 
•8.2 
68.8 
68.4 
••.• 
•9.6 
•9.7 
•9.8 
•8.9 
19.9 
99.1 
10.2 
19.9 
90.4 
99.6 
19.6 
19.7 
10.8 
10.9 

n.o 

71.1 
71.2 
71.8 
71.4 
71.6 
71.6 
71.7 
71.8 
71.9 
72.9 
12.1 
12.2 
12.8 
12.4 
12.6 
12.6 
12.7 
12.8 
12.9 
18.9 
18.1 
18.2 
18.8 
18.4 
18.6 
18.6 
18.7 
18.8 
18.9 
14.9 
74.1 
•4.2 
94.9 
14.4 
94.6 
94.6 
84.7 
74.8 
94.9 
S.9 


1.4« 
1.447 
1.446 
1.448 
1.441 
1.489 
1.487 
1.486 
1.488 
1.481 
1.489 
1.427 
1.49^ 
1.428 
1.480 
1.4iB 
1.416 
1.414 
1.418 
1.410 
1.418 
1.486 
1.494 
1.466 
1.491 
1.809 
1.887 
1.806 
1.00B 
1.881 
1.809 
1.887 
1.806 
1.801 
1.881 
1.89 
1.877 
1.896 
1.8M 
1.8a 
1.890 
1.808 
1.808 
1.804 
1.808 
1.861 
1.809 
1.0B7 
l.OCB 
1.800 
1.861 

i.8a> 

L8« 
1.8« 
1.844 
1,9m 
1.8i> 
1.880 
L0B7 
1.806 
1.806 
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Table  yUl^Conehtded. 


75.1 

1.888 

81.4 

l.» 

87.7 

1.140 

94.0 

1.064 

75.2 

1.880 

81.5 

87.8 

1.189 

94.1 

1.068 

75.S 

1.828 

81.6 

87.9 

1.188 

94.2 

1.062 

75.4 

1.826 

81.7 

88.0 

1.186 

94.8 

1.990 

75.5 

1.825 

81.8 

88.1 

1.136 

94.4 

1.069 

76.6 

1.828 

81.9 

88.2 

1.184 

94.5 

1.068 

75.7 

1.821 

82.0 

88.8 

1.138 

94.6 

1.067 

75.8 

1.819 

82.1 

88.4 

i.in 

94.7 

1.066 

75.t 

1.818 

82.2 

88.5 

1.180 

94.8 

1.066 

7f.« 

1.816 

82.8 

88.6 

1.129 

94.9 

1.064 

76.1 

1A4 

82.4 

88.7 

1.127 

96.0 

1.068 

76.2 

1.812 

82.5 

88.8 

1.186 

96.1 

1.062 

76.S 

1.811 

82.6 

88.9 

1.125 

96.2 

1.060 

76.4 

1.808 

82.7 

89.0 

1.124 

96.8 

1.049 

76.5 

1.807 

82.8 

80.1 

1.122 

96.4 

1.048 

76.6 

1.806 

82.9 

89.2 

1.121 

96.6 

1.047 

76.7 

1.104 

88.0 

89.8 

1.180 

96.6 

1.046 

76.8 

1.802 

88  1 

*       MMW 

89.4 

1.119 

96.7 

1.045 

76.9 

1.800 

88.2 

l!202 

89.5 

1.117 

96.8 

1.044 

77.0 

1.298 

88.8 

1.200 

89.6 

1.116 

96.9 

1.048 

77.1 

1.297 

88.4 

1.199 

89.7 

].U6 

98.0 

1.042 

77.2 

1.295 

88.6 

1.196 

89.8 

1.114 

96.1 

1.041 

77.8 

1.294 

88.6 

1.196 

89.9 

1.112 

96.2 

1.040 

77.4 

1.292 

88.7 

1.196 

90.0 

1.111 

96.3 

1.988 

77.6 

1.290 

83.8 

1.193 

90.1 

1.110 

96.4 

1.037 

77.6 

1.289 

83.9 

1.192 

90.2 

1.109 

96.6 

1.086 

77.7. 

1.287 

84.0 

1.190 

90.3 

1.107 

96.6 

1.086 

77.8 

1.2^6 

84.1 

1.189 

90.4 

1.106 

96.7  . 

1.084 

77.9 

1.284 

84.2 

1.188 

90.6 

1.106 

98.8 

1.088 

78.0 

1.282 

84.3 

1.186 

90.6 

1.104 

96.9 

1.082 

78.1 

1.280 

84.4 

1.186 

90.7 

1.108 

97.0 

1.031 

78.2 

1.279 

84.5 

1.188 

90.8 

1.101 

97.1 

1.060 

78.8 

1.277 

84.6 

1.182 

909 

1.100 

97.2 

1.029 

78.4 

1.276 

84.7 

1.181 

91.0 

1.099 

97.3 

1.028 

78.6 

1.274 

84.8 

i.m 

91.1 

1.098 

97.4 

1.027 

78.6 

1.272 

84.9 

1.198 

91.2 

1.096 

97.5 

1.026 

78.7 

1.271 

86.0 

1.176 

91.8 

1.095 

97.6 

1.026 

78.8 

1.269 

85.1 

1.176 

91.4 

1.094 

97.7 

1.0B4 

78.9 

1.267 

85.2 

1.174 

91.6 

1.098 

97.8 

1.022 

79.0 

1.266 

86.8 

1.172 

91.6 

1.082 

97.9 

1.021 

79.1 

1.264 

86.4 

1.171 

91.7 

1.091 

98.0 

1.000 

79.2 

1.263 

86.6 

1.179 

91.8 

1.069 

96.1 

1.019 

79.8 

1.261 

86.6 

1.168 

91.9 

1.088 

98.2 

1.018 

79.4 

1.269 

86.7 

1.167 

92.0 

1.087 

98.3 

1.017 

79.5 

1.268 

85.8 

1.166 

92.1 

1.066 

96.4 

1.016 

79.6 

1.266 

86.9 

1.164 

92.2 

1.066 

98.6 

1.016 

79.7 

1.256 

86.0 

1.168 

92.3 

1.088 

98.6 

1.014 

79.8 

1.258 

86.1 

1.161 

92.4 

1.082 

96.7 

1.013 

79.9 

1.2S2 

86.2 

l.MO 

92.5 

1.081 

96.8 

1.012 

89.0 

1.260 

86.3 

1.159 

92.6 

1.080 

96.9 

1.011 

80.1 

1.848 

86.4 

1.167 

92.7 

1.079 

99.0 

l.OK) 

60.2 

1J47 

86.5 

1.166 

92.8 

1.078 

99.1 

1.099 

89.3 

1.846 

86.« 

1.166 

92.9 

1.076 

99.2 

1.008 

80.4 

1.244 

86.7 

1.163 

93.0 

1.076 

99.3 

1.007 

80.5 

1.242 

86.8 

1.162 

98.1 

1.074 

99.4 

1.006 

80.6 

1.241 

86.9 

1.161 

98.2 

1.073 

99.5 

1.006 

80.7 

1.289 

87.0 

1.149 

98.8 

1.072 

99.6 

1.094 

80.8 

1.288 

87.1 

1.148 

93.4 

1.071 

99.7 

1.008 

80.9 

1.236 

87.2 

1.147 

98.6 

i.oro 

90.8 

1.002 

81.0 

1.286 

87.3 

1.146 

98.6 

1.068 

99.9 

1.001 

81.1 

1.288 

87.4 

1.144 

98.7 

i.or? 

MO.O 

1.000 

81.2 

1.282 

87.6 

1.143 

98.8 

1.066 

81.8 

1.280 

87.6 

1.142 

98.9 

1.966 
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EXPLANATION  OP  THE  USE  OP  TABLES  IX  TO  XIL 

Tables  IX  to  XII  have  been  prepared  for  the  purpose  of 
facilitating  the  calculation  of  data  stated  in  the  old  system 
into  those  of  the  element  system,  and  those  of  the  element  sys- 
tem into  the  old.  Each  table  is  double,  and  gives  for  each 
whole  number  from  1  to  100  of  the  one  substance  the  equiva- 
lent amount  of  the  corresponding  other  substance.  Figures 
are  also  given  for  each  of  the  hundreds  from  100  to  1000  for 
each  substance.  These  tables  have  been  calculated  by  machine, 
using  the  international  atomic  weights  for  1910,  and  are  be- 
lieved to  be  absolutely  accurate.  These  atomic  weights  are: 
Oxygen,  16;  hydrogen,  1.008;  nitrogen^  14.01;  phosphorus, 
31.00;  potassium,  39.10;  calcium,  40.09.  They  lead  to  the  fol- 
lowing factors  for  making  calculations,  and  from  which  the 
tables  were  computed: 

To  compute  "phosphoric  acid"  from  phosphorus,  multiply 
by  2.29032. 

To  compute  phosphorus  from  "phosphoric  acid,'*  multiply 
by  0.43662. 

To  compute  "potash"  from  potassium,  multiply  by  1.20460. 

To  compute  potassium  from  "potash,"  multiply  by  0.830149. 

To  compute  ammonia  from  nitrogen,  multiply  by  1.21584. 

To  compute  nitrogen  from  ammonia,  multiply  by  0.822472. 

To  compute  lime  from  calcium,  multiply  by  1.39910. 

To  compute  calcium  from  lime,  multiply  by  0.71474. 

All  of  the  tables  are  used  in  the  same  manner  and  may  be 
illustrated  by  examples  concerning  phosphorus  and  "phos- 
phoric acid." 

If  a  fertilizer  is  guaranteed  to  contain  25  per  cent  of  "phos- 
phoric acid,"  what  is  its  percentage  of  phosphorus?  Look  in 
the  columns  headed  "phosphoric  acid"  until  the  number  25  is 
found;  the  number  opposite,  to  the  left,  10.9166,  gives  the 
figures  for  phosphorus. 

If  advised  to  apply  67  pounds  of  phosphorus  to  a  piece  of 
land,  to  how  much  "phosphoric  acid"  is  that  equivalent?  Look 
in  the  columns  headed  "phosphorus"  and  find  67 ;  opposite,  to 
the  right,  the  number  153.4514  shows  the  pounds  of  "phos- 
phoric acid"  that  contain  67  pounds  of  phosphorus. 

When  the  quantities  to  be  reduced  are  not  exactly  given  in 
the  tables  some  calculation  is  necessary.     Suppose,  for  ex- 
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ample,  that  one  wished  to  know  the  percentage,  or  the  amount, 
of  "phosphoric  acid'*  equivalent  to  9.3  of  phosphorus.  The 
table  does  not,  unless  by  chance,  show  the  equivalents  except 
for  whole  numbers,  hence  9.3  is  not  found  in  the  phosphorus 
<;olumn.  However,  the  figures  can  be  obtained  by  looking 
opposite  93,  and  dividing  by  10  the  number  given  there.  In 
this  way  the  "phosphoric  acid"  corresponding  to  9.3  of  phos- 
phorus is  found  to  be,  in  round  numbers,  21.3. 

Further,  suppose  one  desires  to  compute  the  phosphorus  in 
"950  pounds  of  "phosphoric  acid";  950  is  not  found  in  the 
""phosphoric  acid"  column,  but  the  desired  figures  may  be 
found  opposite  95,  and  by  moving  the  decimal  point  to  the 
Tight  one  place,  to  multiply  by  10,  we  get  414.48  as  the 
amount  of  phosphorus  in  950  of  "phosphoric  acid." 

Again,  if  it  is  desired  to  know  the  phosphorus  equivalent  to 
756  pounds  of  "phosphoric  acid,"  one  looks  in  the  columns 
headed  "phosphoric  acid,"  and  obtains  the  figures  for  700 
pounds  and  56  pounds  separately.  These  are  305.63  and  24.45. 
Adding  these  together,  330.08  is  obtained  as  the  amount  of 
phosphorus  in  756  of  "phosphoric  acid." 

Once  more,  if  the  percentage  of  "phosphoric  acid"  in  a  fer- 
tilizer is  stated  as  23.87,  the  percentage  of  phosphorus  is  found 
l^y  looking  in  the  table  in  the  "phosphoric  acid"  columns  and 
getting  the  phosphorus  figures  opposite  23  and  87  separately. 
Those  for  87  are  then  divided  by  100  by  moving  the  decimal 
point  two  places  to  the  left,  thus  getting  the  figures  for  .87. 
These  are  then  added  to  those  for  27.  Thus,  10.04  +  .38  — 
10.42,  the  percentage  of  phosphorus  in  a  fertilizer  containing 
^3.87  per  cent  of  "phosphoric  iu;id." 

These  examples  should  sufiice  to  show  the  method  of  using 
the  table  for  phosphorus  and  "phosphoric  acid,"  and  precisely 
the  same  principles  are  used  with  tables  X,  XI  and  XII. 
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Table  IX.    Showing  relation  between  phoephonis  and  ''phoflphMic  acid'^ 
for  certain  amounts  containing:  equal  quantities  of  pnospnorus. 


Pho»- 

"Phos- 

Phoo- 

'•Phoa- 

Phoe- 

••Phoo- 

Phoo- 

"Pboo- 

phonu. 

phoric 
add." 

phorus. 

phorie 
acid." 

phonia. 

phoric 
•eid." 

phoroB. 

phorie 
•eid." 

P.O. 

P.O. 

P.O. 

P.O. 

0.4866 

1.6000 

17.0282 

89.0000 

84.0000 

n.am 

66.9009 

148.8106 

0.8782 

2.0000 

17.4648 

40.0000 

34.0564 

78.0000 

66.0000 

161.16U 

1.0000 

2.2906 

17.9014 

41.0090 

84.4990 

79.0000 

67.0000 

168.4614 

1.8098 

8.0000 

18.0000 

41.2258 

84.9296 

80.0000 

68.0000 

166.7418 

1.746» 

4.0900 

18.8880 

42.0000 

85.0000 

80.1612 

69.0000 

168.0821 

2.0000 

4.5806 

18.7747 

48.0000 

85.8662 

81.0000 

70.0000 

160.8224 

2.1S81 

6.0000 

19.0000 

48.5161 

85  8028 

82.0000 

71.0900 

lA.«tt7 

2.6197 

6.0000 

19.2113 

44.0000 

86.0000 

82.4616 

72.0000 

164.908O 

ZJOOOQ 

6.6710 

19.6479 

46.0000 

86.2896 

83.0000 

78.0009 

167  1984 

8.0668 

7.0000 

20.0000 

45.8064 

86.6761 

84.0000 

74.0000 

169.4887 

8.4880 

B.OOOO 

20.0646 

46.0000 

87.0000 

84.7418 

76.0000 

171.7740 

8.9296 

9.0000 

20.5211 

47.0000 

87.1127 

86.0000 

76.0000 

174.0648 

4.0000 

9.1618 

20.9678 

48.0000 

87.6416 

96.0000 

77.9000 

176.8646 

4.8662 

lO.OOOO 

21.0000 

48.0967 

87.9859 

87.0000 

78.0000 

178.646a 

4.8028 

11.0006 

21.8944 

49.0600 

88.9600 

8T.9622 

79.6009 

189.9968 

6.0000 

11.4510 

21.8810 

50.0000 

88.4226 

88.0000 

80.0000 

188.2856 

6.2894 

12.0000 

22.0000 

60.8870 

86.8592 

89.0060 

81.0900 

186.6169^ 

5.6761 

18.0000 

22.2676 

51.0000 

89.0000 

89.3225 

82.0000 

187.8062 

6.0000 

18.7419 

22.7042 

52.0000 

89.2968 

90.0000 

88.0000 

199.0966 

6.1127 

14.0000 

28.0000 

62.6774 

89.7824 

91.0000 

84.0000 

192.8809 

6.5498 

16.0000 

28.1409 

68.0000 

40.0000 

91.6128 

86.0000 

194.6772 

6.9860 

16  0000 

28.5776 

64.0000 

40.1690 

92.0000 

86.0000 

196.9676 

7.0000 

16.0322 

24.0000 

54.9677 

49.6067 

98.0000 

97.0000 

^  199.8678- 

7.4225 

17.0000 

24  0141 

56.0000 

41.0000 

98.9081 

87.8240 

200.0000 

7.8592 

18.0000 

24.4507 

66.0000 

41.0428 

94.0000 

88.0000 

201.848^ 

8.0000 

18.8226 

24.8878 

87.0000 

41.4789 

95.0000 

89.0000 

208.8886 

8.2968 

19.0000 

25.0000 

57.2680 

41.9165 

96.0000 

90.0000 

206.1288 

8.7824 

20.0000 

25.3240 

58.0000 

42.0000 

96.1984 

91.0000 

208.4191 

9.0000 

20.6129 

25.7606 

59.0000 

42.8621 

97.0000 

92.0000 

210.7094 

9.1690 

21.0000 

26.0000 

69.5488 

42.7888 

98.0000 

98.0000 

212.9998 

9.6056 

22.0000 

26.1972 

60.0000 

43.0000 

98.4888 

94.0000 

216.2900 

10.0000 

22.9032 

26.6338 

61.0000 

48.2254 

99.0000 

96.0000 

217.6804 

10.0423 

28.0000 

27.0000 

61.8886 

43.6620 

100.0000 

96.0000 

219.8707 

10.4789' 

24.0000 

27.0704 

62.0000 

44.0000 

100.7741 

97.0000 

222.1610 

10.9156 

25.0000 

27.6071 

68.0000 

46.0000 

108.0644 

98.0000 

224.4514 

11.0000 

25.1936 

27.9487 

64.0000 

46.0000 

106.8647 

99.0000 

226.7417 

11.8621 

26.0000 

28.0000 

64.1290 

47.0000 

107.6450 

100.0000 

229.082^ 

11.7887 

27.0000 

28.8803 

66.0000 

48.0000 

109.9864 

130.9960 

800.0800 

12.0000 

27.4838 

28.8169 

66.0000 

49.0000 

112.2257 

174.6480 

400.000^ 

12.2254 

28.0000 

29.0000 

66.4198 

60.0000 

114.5160 

800.0000 

isa.wKy 

12.6620 

29.0000 

29.2535 

67.0000 

51.0000 

116.8068 

218.8100 

600.0000 

18.0000 

29.':742 

29.6902 

68.0000 

62.0000 

119.0964 

261.9720 

600.090^ 

18.0986 

80  0000 

80.0000 

68.7096 

58.0000 

121.8870 

800.0000 

687.0900 

18.5862 
18.9718 

81.0000 

80.1268 

69.0000 

64.0000 

128.6778 

805.6840 

TOO.OOOa 

82.0000 

80.5634 

70.0000 

55.0000 

126.9676 

849.2960 

800.0000^ 

14.0000 

82.0645 

81.0000 

71.0000 

66.0000 

128.2579 

898.9060 

900.0000 

14.4065 

88.0000 

81.4366 

72.0000 

57.0000 

130.5482 

400.0000 

916.1280 

14.8461 

84.6000 

81.8738 

78.0000 

58.0000 

182.8886 

486.«8e9 

1999  0900 

15.0000 

84.8648 

82.0000 

78.2902 

59.0000 

135.1259 

500.0000 

1146.1600 

15.2817 

85.0000 

82.8099 

74.0000 

60.0000 

187.4192 

600.0000 

1874.1999 

16.7183 

86.0000 

82.7465 

75.0000 

61.0000 

189.7100 

700.0000 

1608.2240 

16.0000 

86.6tfl 

88.0000 

76.5806 

62.0000 

141.9998 

800.0000 

1982.2669 

16.1549 

87.0000 

83.1881 

76.0000 

68.0000 

144.2902 

900.0000 

9061.2890 

16.5916 

88.0000 

88.6197 

77.0000 

64.0000 

146.5805 

1000.0000 

2290.8900 

17.0000 

88.9354 
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Tablb  X*    Showing:  relations  between  potassium  and  "potash"  for  certain 
amounts  containing:  equal  quantities  of  potassium. 


PotM- 

-PWMh." 

Potessioin. 

•Potash." 

Potaashun. 

"Potaah." 

"Potaah." 

sium. 
K 

K,0 

K 

K.O 

K 

K.O 

K 

K,0 

0.8801 

1.0000 

26.7846 

81.0000 

50.6891 

61.0000 

75.0000 

90.3450 

1.0000 

1.2046 

26.0000 

81.8196 

61.0000 

61.4346 

75.5436 

91.0000 

1.6608 

2.0000 

26.6648 

32.0000 

51.4692 

62.0000 

76.0000 

91.5496 

2.0000 

2.4092 

27.0000 

32.6242 

62.0000 

62.6392 

76.3737 

92.0000 

2.4904 

8.0000 

27.3949 

33.0000 

52.2994 

63.0000 

77.0000 

92.7642 

8.0000 

8.6188 

28.0000 

88.7288 

58.0000 

68.8488 

77.2039 

98.0000 

3.8206 

4.0000 

28  2251 

84.0000 

58.1296 

64.0000 

78.0000 

96.9588 

4.0000 

4.8184 

29.0000 

34.9334 

58.9697 

66.0000 

78.0340 

94.0000 

4.1607 

5.0000 

29.0662 

35.0000 

64.0000 

66.0484 

78.8642 

96.0000 

4.9609 

6.0000 

29  8854 

36.0000 

54.7896 

66.0000 

79.0000 

96.1684 

5.0000 

6.0280 

80.0000 

86.1380 

65.0000 
65.6200 

66.2530 

79.6943 

96.0000 

6.8110 

7.0000 

80.7156 

87.0000 

67.0000 

80.0000 

96.3680 

0.0000 

7.2276 

81.0000 

87.8426 

56.0000 

67.4576 

80.5245 

97.0000 

6.6412 

8.0O0O 

81.6467 

88.0000 

56.4501 

68.0000 

81.0000 

97.6726 

7.0000 

8.4822 

82.0000 

88.5472 

67  0000 

68.6622 

81.8646 

96.0000 

7.4718 

90000 

82.3758 

39.0000 

57.2808 

69.0000 

82.0000 

96.7772 

8.0000 

9.6868 

83.0000 

39.7518 

58.0000 

69.8668 

82.1848 

99.0000 

8.8016 

10.0000 

83.2060 

40.0000 

58.1104 

70.0000 

83.0000 

99.9818 

0.0000 

10.8414 

84.0000 

40.9.-64 

68.9406 

71.0000 

88.0149 

100.0000 

9.1816 

11.0000 

84.0861 

41.0000 

69.0000 

71.0714 

84.0000 

101.1864 

9.9618 

12.0000 

84.8663 

42.0000 

59.7707 

72.0000 

86.0000 

102.3910 

10.0000 

12.0460 

86.0000 

42.1610 

60.0000 

72.2760 

86.0000 

106.6966 

10.79S0 

18.0000 

86.0964 

48.0000 

60.6009 

73.0000 

87.0000 

104.8002 

11.0000 

18.2606 

86.0000 

43.3666 

61.0000 

78.4806 

88.0000 

106.0048 

11.6221 

14.0000 

86.5266 

44.0000 

61.4810 

74.0000 

89.0000 

107.2094 

12.0000 

14.4662 

87.0000 

44.5702 

62.0000 

74.6862 

90.0000 

106  4140 

12.4626 

16,0000 

87.8667 

45.0000 

62.2612 

76.0000 

91.0000 

109.6186 

18.0000 

16»6696 

88.0000 

48.7748 

63.0000 

75.8898 

92.0000 

110.8232 

13.2824 

16.0000 

88.1869 

46.0000 

68.0918 

76.0000 

96.0000 

112.0278 

14.0000 

16.8644 

39.0000 

46.9794 

63.9216 

77.0000 

94.0000 

113.2324 

14.1126 

17.0000 

89.0170 

47.0000 

64.0000 

77.0944 

96.0000 

114.4370 

14.9127 

18.0000 

89.8472 

48.0000 

64.7616 

78.0000 

96.0000 

116.6416 

16.0000 

18.0690 

40.0000 

48.1840 

66.0000 

78.2990 

97.0000 

116.8462 

16.7728 

19.0000 

40.0778 

49.0000 

66.6818 

79.0000 

96.0000 

118.0606 

16.0000 

19.2786 

41.0000 

49.8886 

66.0000 

79.6066 

99.0000 

119.2554 

16.6000 

20.0000 

41.6076 

60.0000 

66.4119 

80.0000 

100.0000 

120.4600 

17.0000 

20.4782 

42.0000 

60.6082 

67.0000 

80.7062 

166.0296 

200.0000 

17.4881 

21.0000 

42.8876 

61.00UO 

67.2421 

81.0000 

200.0000 

240.9200 

18.0000 

21.6828 

48.0000 

61.7978 

68.0000 

81.9128 

249.0447 

300.0000 

18.2688 

22.0000 

48.1677 

62.0000 

68.0722 

82.0000 

800.0000 

861.8800 

19.0000 

22.8674 

48.9979 

63.0000 

68  9024 

83.0000 

882.0606 

400.0000 

lS.06e4 

28.0000 

44.0000 

58.0024 

69.0000 

88.1174 

400.0000 

481  0000 

19.9286 

24.0000 

44.8280 

64  0000 

69.7826 

84.0000 

416.0746 

500.0000 

20.0000 

24.00S0 

46.0000 

64.2070 

70.0000 

84.8220 

496.0694 

600.0000 

20.7687 

26.0000 

46.6682 

66.0000 

70.5627 

85.0000 

500.0000 

602.3000 

11.0000 

26.2966 

46.0000 

56.4116 

71.0000 

85.6266 

661.1048 

700.0000 

21.5880 

96.0000 

46  4888 

66.0000 

71  8928 

86.0000 

600.0000 

722.7600 

22.0000 

26.6012 

47.0000 

66.6162 

72.0000 

86.7312 

664.1192 

800.0000 

22.4140 

27.0000 

47.3186 

67.0000 

72.2280 

87.0000 

700.0000 

843.2200 

28.0000 

27.7068 

48.0000 

67.8206 

78.0000 

67.9858 

747.1841 

900.0000 

23.2442 

28.0000 

48.1486 

68.0000 

73.0681 

88.0000 

800.0000 

963.6800 

24.0000 

28.9104 

48.9788 

69.0000 

73.8888 

89  0000 

880.0000 

1000.0000 

24.0748 

29.0000 

49.0000 

69.0264 

74.0000 

89.1404 

900.0000 

1064.1400 

24.9046 

80.0000 

49.8069 

60.0000 

74.7184 

90.0000 

1000.0000 

1204.6000 

26.0000 

80.1160 

60.0000 

60.2300 
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Table  XI.    Showing  relation  between  nitrogen  and  ammonia  for  certain 
amounts  containing  equal  quantities  of  nitrogen. 


Nitrocen. 

Ammonia. 

Nitroswi. 

Nitzoff«n. 

Nitnven. 

Ammoola. 

N 

NH, 

N 

NHa 

N 

NH, 

N 

NH, 

0.8225 

1.0000 

25.4966 

81.0000 

50.1708 

61.0000 

74.8450 

90.0000 

1.0000 

1.2168 

26.0000 

81.6U8 

60.9988 

62.0000 

75.U0U0 

91.1880 

1.6449 

2.0000 

26.8191 

82.0000 

61.0000 

62.0078 

.75.6674 

9S.000O 

2.0000 

2.4817 

27.0000 

82.8277 

61.8157 

68.0000 

76.0000 

92.4088 

2.4674 

8.0000 

27.1416 

83.0000 

62.0000 

68.2237 

76.4899 

98.0000 

8.0000 

8.6476 

27.9640 

84.0000 

62.6382 

64.0000 

77.0000 

96.6197 

8.2889 

4.0000 

28.0000 

84.0486 

58.0000 

64.4896 

77.8124 

94.0000 

4.0000 

4.8684 

28.7866 

86.0000 

68.4607 

66.0000 

78.0000 

94.8866 

4.1124 

6.0000 

29.0000 

85.2694 

64.0000 

66.6634 

78.1848 

96.0000 

4.9848 

6.0000 

89.6090 

86  0000 

54.2882 

66.0000 

78.9678 

96.0000 

5.0000 

6.0792 

80.0000 

86.4752 

56.0000 

66.8712 

79.0000 

96.0614 

5.7678 

7.0000 

80.4816 

87.00QP 
87.6910 

65.1056 

67.0000 

79.7796 

97.0000 

6.0000 

7.2960 

81.0000 

66.9280 

68.0000 

80.0000 

97.2872 

6.5796 

8.0000 

81.2689 

88.0000 

66.0000 

68.0870 

80.6028 

96.0000 

7.0000 

8.6109 

82.0000 

88.9069 

66.7506 

69.0000 

81.0000 

96.4880 

7.4022 

9.0000 

82.0764 

89.0000 

67.0000 

69.8029 

81.4247 

99.0000 

8.0000 

9.7267 

32.8969 

40.0000 

67.6780 

70.0000 

82.0000 

99.6969 

8.2247 

10.0000 

88.0000 

40  1227 

68.0000 

70.6187 

82.2472 

lOO.OOOO 

9.0000 

10.9486 

88.7214 

41.0000 

56.8965 

71.0000 

88.0000 

100.9147 

9.0472 

11.0000 

84.0000 

41.8886 

59.0000 

71.7846 

84.0000 

lOt.1806 

9.8697 

12.0000 

84.6488 

48.0000 

69.2180 

72  0000 

86.0000 

108.8464 

10.0000 

12  1684 

86.0000 

42.6544 

60.0000 

72.9604 

86.0000 

104.6622 

10.6821 

18.0000 

86.8663 

48.0000 

60.0106 

78.0000 

87.0000 

106.7781 

11.0000 

18.8742 

86.0000 

48.7702 

60.8629 

74.0000 

86.0000 

106.9989 

11.6146 

14.0000 

86.1886 

44.0000 

61.0000 

74.1662 

69.0000 

106.2096 

12.0000 

14.6900 

87.0000 

44.9661 

61.6864 

76.0000 

90.0000 

109.4256 

12.8871 

15.0000 

87.0112 

45.0000 

62.0000 

76.8821 

91.0000 

110.6414 

18.0000 

15.8069 

87.8887 

46.0000 

62.6079 

76.0000 

92.0000 

111.8673 

18.1696 

16.0000 

88.0000 

46.2019 

68.0000 

76.6979 

98.0000 

118.0781 

18.9620 

17.0000 

88.6662 

47.0000 

68.8808 

77.0000 

94.0000 

114.2890 

14.0000 

17.0218 

89.0000 

47.4178 

64.0000 

77  8188 

95  0000 

116.6048 

14.8046 

18.0000 

89.4787 

48.0000 

64.1628 

78.0000 

96.0000 

116.7206 

16.0000 

18.2876 

40.0000 

48.6886 

64.9758 

79.0000 

97  0000 

117.6365 

16.6270 

19.0000 

40.8011 

49.0000 

66.0000 

79.0296 

96.0000 

119.1528 

16.0000 

19.4584 

41.0000 

49.8494 

66.7978 

80.0000 

99.0000 

120.8682 

16.4494 

20.0000 

41.1286 

60.0000 

66.0000 

80.2464 

100.0000 

121.6840 

17.0000 

20.6698 

41.9461 

61.0000 

66.6202 

81.00n0 

164.49M 

200.0000 

17.2719 

21.0000 

42.0000 

61.0668 

67.0000 

81.4618 

200.0000 

248.1680 

18.0000 

21.8861 

42.7686 

62.0000 

67.4427 

82.0000 

246.7416 

800.00l« 

18.0944 

22.0000 

48.0000 

62.2811 

68.0000 

82.6771 

800.0000 

864.7620 

18.9169 

28.0000 

48.6910 

68.0000 

68.2662 

88.0000 

328  9680 

400.0000 

19.0000 

28.1010 

44.0000 

68.4970 

69.0000 

83.8960 

400.0000 

486.8360 

19.7898 

24.0000 

44.4186 

54.0000 

69.0876 

84.0000 

4U.2360 

600.0000 

20.0000 

24.8168 

46.0000 

54.7128 

69.9101 

86.0000 

496.4882 

600.0000 

20.6618 

26.0000 

46.2300 

66.0000 

70.0000 

86.1068 

600.0000 

607.9200 

21.0000 

25.6826 

46.0000 

56.9286 

70.7326 

86.0000 

675.7304 

700.0000 

21.8848 

26.0000 

46.0684 

66.0000 

Ti.oooa 

86.8246 

600.0000 

729.6040 

22.0000 

26.7486 

46.8809 

67.0000 

71.6561 

87.0000 

667.9776 

800.0000 

22.2067 

27.0000 

47.0000 

57.1446 

72.0000 

87.6405 

700.0000 

861.0680 

28.0000 

27.9648 

47.7084 

iS.OOOO 

72.8771 

86.0000 

740.2248 

900.0000 

23.0292 

28.0000 

48.0000 

68.8603 

78.0000 

88.7668 

800.0000 

978.6720 

28.8617 

29.0000 

48.6268 

60.0000 

78.2000 

89.0000 

822.4720 

1000.0000 

24.0000 

29.1802 

49.0000 

60.5762 

74.0000 

89.9722 

900.0000 

1094.2500 

24.6742 

80.0000 

49.8488 

60.0000 

74.0226 

90.0000 

1000.0000 

1216.8400 

26.0000 

80.8960 

60.0000 

60.7920 
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Table  XII.    Showing:  relation  between  calcium  and  lime  for  certain  amounts, 
containing:  equal  quantities  of  calcium. 


Cakiuin. 

Lime. 

Calcium 

Lime. 

Calcium. 

Lime. 

Calcium. 

Lime. 

Ca 

CtX) 

Ca 

CaO 

Ca 

CaO 

Ca 

CaO 

0.7147 

1.0000 

28.6864 

38.0000 

46.4581 

66.0000 

69.3296 

97.0000 

l.OOOO 

1.8991 

24.0000 

33.6784 

47.0000 

66.7577 

70.0000 

97.9870 

1.4296 

2.000O 

24.8012 

84.0000 

47.1728 

66.0000 

70.0445 

98.0000 

2.0000 

2.7982 

26.0000 

84.9776 

47.8876 

67.0000 

70.7698 

99.0000 

2.1442 

8.0000 

26.0169 

36.0000 

48.0Q0O 

67.1668 

71.0000 

99.3861 

2.8600 

4.0000 

26.7306 

86.0000 

48.6023 

68.0000 

71.4740 

lOO.OOOO 

8.0000 

4.1978 

26.0000 

86.8766 

49.0000 

68.6559 

72.0000 

100.7852 

8.6787 

6.0000 

26.4464 

37.0000 

49.3171 

69.UO0O 

78.0000 

102.1343 

4.0000 

6.6964 

27.0000 

37.7767 

50.0000 

69.9650 

74.0000 

103.5384 

4.2884 

6.0000 

27.1601 

38.0000 

50.0818 

70.0000 

76.0000 

104.9825 

6.0000 

6.9966 

27.8749 

89.0000 

50.7466 

71.0000 

76.0000 

106.8316 

6.0082 

7.0000 

28.0000 

39.1748 

61.0000 

71.8541 

77.0000 

107.7807 

6.7179 

8.0000 

28.6896 

40.0000 

51.4613 

72.0000 

78.0000 

109.1298^ 

6.0000 

8.3046 

29.0000 

40.5739 

62.0000 

72.7582 

79.0000 

U0.528» 

6.4827 

9.0000 

29.8048 

41.0000 

52.1760 

78.0000 

80.0000 

111.9280 

7.0000 

9.7987 

30.0000 

41.9730 

62.8908 

74.0000 

81.0000 

113.8271 

7.1474 

10.0000 

30.0191 

42.0000 

53.0000 

74.1528 

82.0000 

114.7262 

7.8621 

11.0000 

80.7888 

48.0000 

58.6066 

76.0000 

88.0000 

116.1268 

8.0000 

11.1928 

81.0000 

43.3721 

54.0000 

75.5514 

84.0000 

117.5244 

8.6768 

12.0000 

81.4486 

44.0000 

54.3202 

76.0000 

85.0000 

118.9235- 

9.0000 

12.6919 

82.0000 

44.7712 

56.0000 

76.9606 

86.0000 

120.3226 

9.2916 

18.0000 

82.1683 

46.0000 

55.0350 

77.0000 

87.0000 

121.7217 

10  0000 

18.9910 

82.8780 

46.00C0 

55.7497 

78.0000 

88.0000 

123.1208 

10.0064 

14.0000 

88.0000 

46.1703 

66.0000 

78.8496 

89.0000 

124.519» 

10.7211 

16.0000 

88.6928 

47.0000 

56.4645 

79.0000 

90.0000 

125.9190 

11.0000 

16.8901 

84.0000 

47.6694 

57.0000 

79.7487 

91.0000 

127.3181 

11.4868 

16.0000 

84.9076 

48.0000 

OT.1792 

80.0000 

92.0000 

128.7172 

12.0000 

16.7892 

86.0000 

48.9686 

57.8989 

81.0000 

93.0000 

130.1163 

12.1606 

17.0000 

86.0228 

49.0000 

68.0000 

81.1478 

94.0000 

131.5154^ 

12.8668 

18.0000 

85.7870 

50.0000 

58.6067 

82.0000 

96.0000 

132.9145 

18.0000 

18.1888 

36.0000 

60.8676 

59.0000 

82.5469 

96.0000 

134.813& 

18.6801 

19.0000 

86.4517 

51.0000 

59.3284 

83.0000 

97.0000 

136.7127 

14.0000 

19.6874 

37.0000 

51.7667 

60.0000 

83.9460 

96.0000 

137.1118 

14.2948 

20.0000 

37.1666 

62.0000 

60.0882 

84.0000 

99.0000 

188.5109 

16.0000 

20.9666 

87.8812 

68.0000 

60.7529 

85.0000 

100.0000 

139.9100 

l6.0Cf6 

21.0000 

38.0000 

53.1658 

61.0000 

85.8461 

142.9480 

200.0000 

16.7243 

22.0000 

38.5960 

64.0000 

61.4676 

86.0000 

200.0000 

279.8200 

16.0000 

22.8866 

89.0000 

64.5649 

62.0000 

86.7442 

214.4220 

300.0000 

16.4880 

28.0000 

39.8107 

56.0000 

62.1824 

87.0000 

286.8860 

400.0000 

17.0000 

28.7847 

40.0000 

56.9640 

62.8971 

88.0000 

800.0000 

419.7300 

17.1B38 

24.0000 

40.0264 

66.0000' 

68.0000 

88.1433 

867.3700 

600.0000 

17.8686 

26.0000 

40.7402 

67.0000 

63.6119 

89.0000 

400.0000 

560.6400 

18.0000 

26.1888 

41.0000 

67.3631 

64.0000 

89.6424 

428.8440 

600.0000 

18.6882 

96.0000 

41.4649 

58.0000 

64.8266 

90.0000 

500.0000 

699.5500 

19.0000 

26.6829 

42.0000 

58.7622 

66.0000 

90.4515 

500.3180 

700.0000 

19.2980 

27.0000 

42.1697 

59.0000 

66.0413 

91.0000 

571.7920 

800.0(00 

20.0000 

27.9620 

4^.8844 

69.0000 

66.7661 

92.0000 

600.0000 

839.4600 

20.0127 

28.0000 

48.0000 

60.1613 

66.0000 

92.8406 

643.2660 

900.0000 

20.7275 

29.0000 

48.6991 

61.0000 

06.4706 

98.0000 

700.0000 

979.3700 

21.0000 

29.8811 

44.0000 

61.5604 

67.0000 

68.7397 

714.7400 

1000.0000 

21.4422 

80.0000 

44.8139 

68.0000 

67.1866 

94.0000 

800.0000 

1119.2800 

22.0000 

80.7802 

46.0000 

68.9696 

67.9006 

96.0000 

900.0000 

1269.1900 

22.1669 

81.0000 

46.0286 

63.0000 

68.0000 

96.1388 

1000.0000 

1899.1000 

22.«n7 

82.0000 

46.7434 

64.0000 

68.6160 

96.0000 

28.0000 

82.1798 

46.0000 

64.3586 

69.0000 

96.6879 
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Breeding  for  Type  of  Kernel  in  Wheats   and  Its 

Relation  to  the  Grading  and  Milling 

of  the  Grain. 

Bj  H.  F.  Roravra. 

Pure  races  of  wheat,  even  of  the  same  general  type,  show 
great  diversities  among  themselves  with  respect  to  the  form  of 
the  kernel.  This  is  the  case  even  among  wheat  races  in  which 
the  kernel  is  in  all  instances  hard  and  of  high  protein  content. 
It  therefore  becomes  necessary  to  distinguish,  for  breeding 
purposes,  those  races  which  show  the  most  desirable  types  of 
kernel.  In  the  improvement  of  the  form  of  the  wheat  kernel 
two  purposes  have  to  be  reckoned  with : 

First,  the  production  of  such  a  type  of  wheat  berry  as  will 
mill  to  the  greatest  advantage — ^that  is  to  say,  which  wfll  yield 
a  maximum  amount  of  flour  in  proportion  to  the  bran.  It  may- 
be remarked  that  in  the  breeding  of  pure  races  of  wheat — i.  e.^ 
"pure  lines"  in  the  sense  used  by  Johannsen — we  find  great 
differences  in  the  types  of  grain,  even  among  the  hard  red' 
winter  wheats,  with  respect  to  this  important  matter  of  miUing^ 
quality  alone. 

So  far  as  the  miller  is  concerned,  there  are  certain  well- 
defined  preferences  with  respect  to  a  desirable  wheat  for  mill- 
ing purposes.  Leaving  out  the  primary  necessity,  in  our  region 
at  least,  of  a  hard,  semitranslucent  wheat  rich  in  gluten,  and 
preferably  a  winter  wheat  of  a  dark  reddish-amber  color,  we 
And  that,  so  far  as  the  form  of  the  wheat  kernel  is  concerned^ 
the  millers  and  grain  dealers  desire  a  full,  plump  berry  in  pref- 
erence to  a  slender  berry,  on  account  of  the  relatively  less 
amount  of  bran  to  the  flour  which  such  a  kernel  produces,  and, 
for  tiie  same  reason,  a  berry  with  a  shallow  crease  is  preferable 
to  one  with  a  deep  crease.  The  deep  crease  is  also  an  objection- 
able feature  because  of  the  considerable  quantity  of  dirt  that  it 
holds,  and  which  must  be  cleaned  out  in  the  scouring  process 
as  thoroughly  as  possible.  Manifestly,  a  kernel  with  a  deep 
crease  will  carry  more  dirt  to  the  rolls  than  one  with  a  shallow 
crease.  A  type  of  kernel  devoid,  so  far  as  possible,  of  the  mass 
of  hairs  surmounting  the  ovary,  and  called  the  "brush,"  is  like- 
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wise  desirable  because  of  its  lesser  liability  to  carry  dirt  par- 
ticles. So  much  for  the  preferred  type  of  kernel  for  milliner 
purposes.  Following  are  illustrations  of  desirable  and  unde- 
sirable types  of  kernels.    Plates  I,  II,  III,  IV  and  V. 

Second,  the  breeder  should  endeavor  to  produce  such  a 
type  of  berry  as  will,  by  its  superior  packing  quality  in  the 
grain  tester,  make  a  maximum  weight  in  pounds  to  the  bushel, 
and  thus  secure  for  the  grain  as  sold  a  higher  grading,  and  con- 
sequently a  better  price,  than  another  type  of  berry  equally  good 
in  other  respects  but  testing  at  a  lower  pound  rate  per  busheL 

The  present  investigation  was  directed,  so  far  as  the  data  to 
be  herein  presented  are  concerned,  toward  the  relation  of  the 
form-factors  of  the  wheat  kernel  to  the  volume-weight  of  the 
grain. 

Wheat,  before  being  sold,  is  "tested"  by  means  of  a  standard 
"grain  tester"  in  order  to  ascertain  the  number  of  pounds  per 
bushel  it  will  average.  Upon  this  average  bushel-weight  and 
upon  other  considerations  affecting  the  quality  of  the  grain,  as 
judged  by  its  appearance,  hardness,  etc.,  the  grain  is  "graded" 
according  to  a  system  of  standards  prescribed  by  the  grain 
exchange  or  the  state  inspection  department,,  as  the  case  may 
be.  The  grade  as  thus  fixed  for  any  lot  of  wheat  determines  its 
market  price.  Wheat  is,  to  be  sure,  sold  entirely  by  weight  in 
our  market;  but  if,  say,  two  lots  of  hard  winter  wheat  weigh 
1000  pounds  each,  and  if  one  tests  at  56  and  the  other  at  62 
pounds  to  the  bushel,  the  latter  will,  other  things  being  equal, 
^0  into  a  higher  grade  and  bring  a  better  price  than  the  other. 

Under  the  grading  system  of  the  Kansas  and  of  the  Minne- 
sota State  Grain  Inspection  Departments,  for  example.  No.  1 
Hard  winter  wheat  must  weigh  not  less  than  61  pounds  to  the 
bushel,  while  No.  3  must  weigh  not  less  than  56  pounds.  This 
weight  requirement  alone  would  finally  determine  the  classi- 
fication, although,  of  course,  other  factors  of  quality  almost  in- 
variably accompany  such  differences  in  weight  Our  experi- 
ments show  that  this  is  not  necessarily  the  case,  and  that 
wheats  equally  good  in  all  other  respects  may,  on  account  of 
the  form-factors  of  the  kernel,  give  widely  different  test 
weights.  Assuming  two  lots  of  wheat,  testing  at  62  pounds 
and  56  pounds,  respectively,  and  grading  No.  1  Hard  and  No.  3 
Hard,  the  average  spread  between  the  prices  of  these  two 
grades  would  run  from  about  three  cents  on  the  bushel  for 
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good  years  when  the  grades  crowd  closely  together,  to  about 
Ave  cents  in  bad  years,  when  the  differences  between  the  upper 
and  lower  grades  become  more  sharply  marked.  In  the  case 
supposed,  the  difference  possible  to  be  arrived  at  in  the  grad- 
ing, due  to  differences  in  the  test  weight  per  bushel,  would 
involve  differences  in  market  value  of  from  thirty  to  fifty  dol- 
lars on  each  1000-bushel  lot.  It  is  possible,  as  will  be  demon- 
strated, to  secure  for  wheat  a  considerably  higher  test  reading 
by  attention  to  the  breeding  of  a  type  of  kernel  that  will  have 
superior  packing  qualities ;  along  with  which  fact  it  is  also  the 
case  that  a  superior  type  of  kernel  as  regards  shape  for  milling 
purposes  is  simultaneously  secured.    There  is  no  question  that 
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the  breeding  of  a  specific  type  of  kernel  in  wheat  is,  for  these 
two  reasons  alone,  of  equal  importance  with  that  of  the  breed- 
mg  of  a  specific  type  of  kernel  in  corn ;  which  latter  has  long 
since  been  recognized  and  settled  upon.  The  relative  small- 
ness  of  the  wheat  kernel  has  obscured  the  fact  of  the  impor- 
tance of  the  form-factors  in  this  grain,  and  no  quantitative  in- 
vestigations along  just  these  lines  seem  to  have  been  under- 
taken hitherto. 

What  factors  determine  the  differences  in  volume-weight 
which  thus  affect  the  grade  and  the  market  price  of  wheat  ?  On 
first  consideration,  it  would  naturally  be  assumed  that  the 
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Plate  V.    Pedigree  No.  722  x  3  dia. 

A  bad  type  of  milling  wheat;  kernel  long,  narrow,  with  deep  crease, 

producing  a  maximum  of  bran. 

specific  gravity  of  the  kernels  would  be  the  most  important 
factor. 

However,  it  was  noticed  that,  among  several  hundred  pure 
races  ("pure  lines")  of  wheat  harvested  in  1908  at  the  Kansas 
Experiment  Station,  in  the  breeding  grounds  of  the  department 
of  botany,  certain  distinctive  types  of  kernel  existed,  which 
seemed  to  pack  more  closely  into  a  given  volume  than  did  others^ 
and  an  investigation  was  instituted  to  determine  the  optimum 
type  of  wheat  kernel  in  this  regard. 

It  is  sufficiently  evident  that,  in  the  filling  of  any  physical 
measure  of  volume,  the  number  of  units  that  can  be  gotten  into 
it  depends  considerably  upon  their  geometrical  form,  in  cases 
where  the  volume  of  the  individual  kernels  is  identical ;  that  is 
to  say,  for  example,  whether  they  are  approximately  spherical, 
egg-shaped,  oblong,  or  the  like. 
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Manifestly,  the  bushel-weight  is  the  sum  of  the  weights  of 
all  the  900,000  to  1,400,000  individual  kernels  contained  in  it, 
and  therefore  the  purI)ose  of  the  wheat  breeder  in  aiming  to  in- 
fluence the  bushel-weight  for  the  benefit  of  the  grower  should 
be  to  select  for  breeding  that  race  of  wheat  adapted  to  his 
region,  which,  in  addition  to  having  the  highest  average  kernel- 
weight,  also  possesses  a  type  of  kernel  that  will  admit  of  the 
neatest  possible  number  of  grains  in  a  bushel  measure. 

In  order  to  arrive  at  an  unprejudiced  judgment  in  the  matter 
of  the  particular  type  of  kernel  to  breed  for,  an  investigation 
was  conducted  as  follows : 

Fifty-two  pure  races  of  wheat,  showing  amongst  themselves 
a  great  diversity  of  types  of  kernel  in  respect  to  apparent 
length,  width,  contour  and  volume  of  the  individual  sp:ains, 
and  all  of  which  had  been  growing  for  two  sucoessive  years  in 
our  breeding  grounds,  were  chosen  for  experiment,  without 
regard  to  the  economic  value  of  the  types  of  wheat  selected. 

Kernels  of  each  of  these  races  were  subjected  to  a  series  of 
measurements  in  the  following  manner: 

The  average  length  of  the  kernels  of  each  race  was  de- 
termined by  taking,  by  random  sampling,  five  lots  of  kernels, 
amounting  by  estimate  to  above  100  grains  eadi,  and  from 
which  in  succession,  and  without  choice,  100  kernels  were  taken 
and  measured,  by  laying  them  end  to  end  upon  a  measuring 
board  designed  by  the  writer  (plate  VI) ,  making  the  number  to 
be  measured  up  to  100  by  additional  random  samplings  where 
necessary.  The  total  length  of  such  100  kernels  in  milUmeters, 
divided  by  the  number  of  individual  grains,  gave  an  average 
that  ran  exceedingly  close  for  each  of  the  five  samples  of  100 
chosen  throughout  the  fifty-two  different  races.  The  total 
average  length  for  each  500  kernels  was  therefore  taken  as  the 
average  or  mean  kemd-length  of  the  race  for  the  given  season 
and  k>cality. 

Reference  to  the  following  table  will  indicate  how  accurate 
these  averages  are : 
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6.96 

2.66 

2.82 

16.7 

0.022 

1.227 

2d     100 

6.88 

2.69 

2.27 

16.6 

.028 

1.823 

3d     100 

6.V0 

2.69 

2.27 

16.0 

.022 

1.818 

4th   100 

6.89 

2.60 

2.26 

17.0 

.022 

1.819 

6th   100 

6.88 
5  90 

2.67 

2.28 

16.0 

.022 

1.821 

Av 

600 

2_6S 
2.68 

2.28 
2.22 

16.4 

0.022 

1.801 

83  89       < 

56.17 

59.69 

86.61 

68.49 

861 

l8t     100 

6.96 

18.6 

0.025 

1.388 

2d     100 

6.98 

2.68 

2.21 

18.6 

.026 

1.846 

8d     100 

6.91 

2.68 

2  24 

17.6 

.024 

1.841 

4th   100 

6.90 

2.66 

2.22 

18.6 

.024 

1.886 

6th   100 

6.91 

2.61 

2.26 

17.6 

.024 

1.886 

Av 

600 

6.92 

266 

2.23 

18.1 

0.024 

1.889 

84.16       ( 

55.88       1 

59.16 

87  17 

62.88 
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TABLE  I— Continued. 


Na 
srainjk 

i 

1 

I 

1 
1 

* 

f 

I 

\ 

r 

Av.  vohiine>w«isht. 

PAckinff 
quality. 

No. 

1 

If 

898 

l8t    100 

6.26 

2.68 

2.88 

20.0 

0.026 

1.264 

2d     100 

6.80 

2.67 

2.86 

20.0 

.087 

1.268 

8d     100 

6.28 

2.72 

2.80 

21.6 

.028 

1.270 

4th   100 

6.80 

2.71 

2.82 

206 

.027 

1.278 

6th   100 

6.27 

2.78 

2.29 

22.6 

.0£8 

1.271 

Av 

GOO 

6.28 

2.70 

2.32 

20.9 

0.027 

1.267 

83.01       ( 

M.49 

59.88 

86.8& 

64.16 

907 

l«t    100 

6.14 

2.67 

1.92 

16.0 

0.020 

1.827 

2d     100 

6.14 

2.64 

1.94 

14.5 

.019 

1.818 

8d     100 

6.14 

2.76 

1.86 

16.5 

.020 

1.818 

4th    100 

6.11 

2.69 

1.90 

16.0 

.020 

1.810 

6th   100 

6.10 

2.68 

1.90 

15.0 

.020 

1.816 

Av..... 

600 

5.18 

269 

1.90 

16  0 

0.020 

1  816 

84.21 

S5.42 

57.41 

86.76 

68.24 

921 

l8t    100 

6.69 

2  74 

2.07 

17.0 

0.024 

1.806 

2d     100 

6.66 

2.78 

2.03 

18.0 

.024 

1.816 

3d     100 

6.67 

2.76 

2.06 

17  0 

.028 

1.297 

4tb   100 

6.68 

2.75 

2.04 

18.0 

.028 

1.304 

6th    100 

6.64 

2.76 

2.04 

18.4 

.024 

1.322 

Av... 

600 

5.66 

2.76 

2.06 

18^ 
21.6 

0.024 

1.309 

78.64       ( 

51.09 

56.48 

88.86 

61.64 

927 

l8t    100 

6.18 

288 

2.12 

0.029 

1.825 

2d     100 

6.12 

2.92 

2.09 

22.0 

.080 

1.830 

3d     100 

6.10 

2.89 

2.11 

22.6 

.029 

1.822 

4th   100 

6.11 

2.91 

2.10 

22.6 

.081 

1.824 

6th   100 
600 

6.10 
6^1 
6.17 

2.98 
^.91 
3.01 

2.08 

28.6 

.060 

1.332 

Av..... 

2.10 

22.4 

0.080 

1.325 

85.41 

B6J6^ 

60.81 

35.48 

64.52 

982 

1st    100 

2.04 

26.6 

0.034 

1.381 

2d     100 

6  17 

302 

2.04 

24.6 

.084 

1.381 

Sd     100 

6.18 

3.01 

2.06 

24.6 

.083 

1.322 

4th   100 

6.19 

3.00 

2.06 

24.6 

.088 

1.331 

6th    100 

6.21 

3.02 

2.06 
2.06 

25.5 

.086 

1.318 

Av... 

600 

6.18 

8.01 

24.9 

0.034 

1.337 

88.77 

58.96 

64.07 

34.52 

65.48 

936 

Ist    100 

6.67 

2.62 

2.21 

16.6 

0.028 

1.850 

2d     100 

6.60 

2.51 

2.28 

16.6 

.028 

1.853 

3d     100 

6.61 

2.66 

2.19 

16.0 

.024 

1.366 

4th   100 

6.69 

2.64 

2.20 

17.5 

.024 

1.859 

6th   100 

6.68 

2.66 
2.64 

2.17 

17.0 

.028 

1.368 

Av..... 

600 

5.59 

2.20 
2.67 

16.7 

0.023 

1  857 

88.27 

68.58 

63.39 

85.08 

64.92 

940 

let    100 

6.33 

2.87 

26.5 

0.087 

1.829 

2d     100 

6.81 

2.36 

2.68 

26.6 

.087 

1.331 

8d     100 

6.34 

2.38 

2.72 

26.6 

.087 

1.326 

4th   100 

6.81 

2.35 

2.68 

26.2 

.037 

1.824 

6th   100 

6.82 

2.32 

2.72 
2  70 

26.0 

.036 

1.302 

Av..... 

600 

6.82 

2^34 
2.82 

26.3 

0.087 

1.822 

88.^ 

69.05 

63^23 

36.17 

64.83 

961 

Ist    100 

6.11 

2.16 

21.4 

0.029 

1.311 

2d     100 

6.10 

2.78 

2  19 

20.5 

.028 

1.336 

3d     100 

6.09 

2.78 

2.19 

21.0 

.029 

1.830 

4th    100 

6.06 

2.78 

2.18 

20.2 

.028 

1.822 

6th   100 

6.06 

2.78 

2.17 
2.17 

22.0 

.028 

1.826 

Av 

600 

6.08 

2.79 

21.0 

0.028 

1.325 

87.88 

67.84 

58.94 

87.61 

62.49 
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[BU1L17& 


I 

ABLS 

l-^Contmusd, 

>• 

i 

3 

t 

1 

ir 

if 

Packiuff 
quality. 

O 

r 

P 

•0 

5 

No. 

No. 
ffmins. 

w 

s: 
p 

i 

Si 

1 

1 

1 

96& 

iBt    100 

6.02 

2.68 

2.28 

18.6 

0.086 

1.387 

2d     100 

6.96 

2.62 

2.27 

18.0 

.086 

1.386 

Sd     100 

6.94 

2.67 

2.81 

17.6 

.088 

1.388 

4th   100 

6.97 

2.63 

2.27 

ia.0 

.086 

1.388 

6th   100 

6.94 

2.66 

2.82 

17.6 

.088 

1.888 

Av 

60O 

6.97 

2.60 

2^ 
2.08 

17.9 

0.084 

1.884 

86.17       ( 

96.94       ( 

90.68 

36.68 

64.46. 

M4 

iBt     100 

6.8S 

2.86 

21.0 

00B8 

1.238 

2d     100 

6.81 

2.87 

2.02 

20.6 

.087 

1.290 

8d     100 

6.80 

2.84 

2.04 

20.6 

.087 

1.818 

4th   100 

6.81 

2.84 

2.04 

20.0 

.086 

1.289 

5th   100 

6.8S 
6.82 

2.82 

2.06 

19v6 

.086 

1.289 

Jkv..... 

600 

2.86 

2.04 

20.3 

0.087 

1.292 

88.18       ( 

SS.84 

56.06 

86.66 

68.8i 

1008 

lit    100 

6.97 

2.91 

2.06 

21.6 

0.024 

1.861 

2d     100 

6.01 

2.90 

2.07 

22.0 

.084 

1.886 

8d     100 

6.96 

2.86 

2.08 

21.0 

.084 

1.860 

4th   100 

6.00 

2.87 

2.09 

22.0 

.084 

1.860 

6th   100 

6.96 

2.88 

2.07 

21.6 

.086 

1.862 

Av..... 

600 

6.98 

2.88 

2.07 

21.6 

0.024 

1.849 

86.06      { 

96.86       ( 

91.81 

86.20 

68.8» 

1014 

Ist    100 

6.89 

2.74 

2.16 

19.0 

0.086 

i.a4 

2d     100 

6.96 

2.79 

2.13 

19.6 

.086 

1.288 

8d     100 

6.94 

2.79 

2.18 

19.0 

.086 

1.276 

4th   100 

6.99 

2.74 

2.16 

19.6 

.026 

1.218 

6th   100 

6.89 

2.74 

2.16 

19.0 

.084 

1.870 

Av 

600 

6.91 

2.76 

2.14 

19.2 

0.086 

1.278 

79.27      ( 

11.68       1 

56.68 

87.88 

68.18 

1016 

iBt     100 

6.91 

2.82 

2.U9 

20.6 

0.088 

1.866 

2d     100 

6.89 

2.78 

2.11 

19.6 

.027 

1.866 

8d     100 

6.9t 

2.79 

2.12 

20.6 

.088 

1.846 

4th   100 

6.99 

2.80 

2.11 

21.0 

.088 

1.888 

6th   100 

6.96 

2.88 

2.10 

21.0 

.089 

1.888 

Av 

600 

6.92 

2.80 

2.11 

20.5 

0.028 

1.845 

80.78      ( 

12.76 

56.48 

87.94 

62.06 

1018 

1st    100 

6.77 

2.72 

2.12 

18.6 

0.086 

1.831 

2d     100 

6.82 

2.69 

2.16 

18.0 

.086 

1.88 

8d     100 

6.77 

2.74 

2.10 

19.0 

.086 

1.346 

4th   100 

6.77 

2.69 

2.14 

18,0 

.086 

1.882 

6th   100 

5.78 

2.69 

2.14 

18.0 

.086 

1.8S2 

Av 

600 

5.78 

271 

2.13 

18.3 

0.086 

1.886 

86.4t       4 

16.86       4 

lOfiS 

H6.64 

68.86 

1023 

l8t     100 

6.70 

2.83 

2.87 

18.0 

0.084 

1.816 

2d     100 

6.76 

2.38 

2.83 

18.0 

.086 

1.819 

8d     100 

6.76 

2.87 

2.84 

18.0 

.046 

1.819 

4th    100 

6.76 

2.87 

2.84 

19.0 

.026 

1.881 

6th   100 

6.70 

2.37 

2.82 

18.0 

.086 

1.829 

Av 

600 

6,78 

2.36 

2  84 

18.0 

0.02.^ 

1.82t 

79.04       ( 

11 .40       1 

58  37 

41  09 

68.91 

1040 

Ist    100 

6.89 

2.91 

2.86 

26.5 

0.086 

1.298 

2d      100 

6.89 

2.94 

2.34 

25.6 

.086 

1.306 

8d     100 

6.86 

2.89 

2.37 

26.6 

.088 

1.302 

4th    100 

6.86 

2  91 

2.86 

26.5 

.084 

1.297 

6th    100 

6.86 

2.86 

2.39 

26.0 

.0^8 

1.296 

Av 

600 

^.»F    2.90 

2.86 

26.8 

0.084 

1.30O 

89.68       < 

».18       1 

54.78 

89.60 

60.48^ 
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Tablb  l—Cantimted. 


No. 

I 

IT 

I 

? 

^ 

j 

3 

Av.  volume-welffht. 

Packfoff 
quality. 

N«i 

1 
8 

1 

pi 

?|9r 

Ii 

1069-1 

let    100 
2d     100 
8d     100 
4th   100 
6th   100 

6.78 
6.76 
6.7^ 
6.7S 
6.76 

2.63 
2.66 
2.66 
2.57 
2.67 

2.19 
2.26 
2.24 
2.22 
2.24 

17.6 
17.6 
17.6 
17.5 
17.5 

0.084 

:SS 

.088 
.028 

1.882 
1.288 
1.296 
1.802 
1.296 

Av 

600 

6.76 

2.68 

2.28 

17.5 

0.028 

1.299 

81.15 

S8  04 

^.06 

39.28 

60.77 

10(4 

let    100 
2d     100 
8d     100 
4th    100 
6th    100 

6.91 
5.94 
6.97 
6.97 
6.91 

2.87 
2.86 
2.86 
2.8i 
2.83 

2.06 
208 
2.09 
2.10 
2.06 

21.0 
21.4 
21.0 
20.0 
21.0 

0.089 
.066 
.080 
.080 
.029 

1.841 
1.864 
1.846 
1.885 
1.845 

At.... 

600 

6.94 

2.86 

2.08 

20.9 

0.080 

1.860 

88.00      ( 

58.87       ( 

32.06 

86.67 

68.88 

1066 

Ut    JOO 
2d     100 
8d     lliO 
4th   100 
6th   100 

6.97 
6.98 
6.02 
6.99 
6.98 

298 
2.96 
2.97 
2.96 
2.96 

2.06 
2.02 
2.02 
2.08 
2.02 

28.0 
24.0 
84.0 
28.0 
24.0 

0.082 
.088 

.088 
.088 

i;888 
1.884 
1.886 
1.887 
1.888 

^— _ 

600 

let    100 
2d     100 
8d     100 
4th   lOU 
6th   100 

6.98 

2.95 

2.02 

28.6 

14.5 
15.0 
14.6 
16.0 
16.0 

0,068 

0.019 
.020 
.019 
.081 
.021 

1.886 

91.38       ' 

70.98       4 

S6.28 

84.90 

65.10 

1060 

6.89 
6.T7 
6.74 
6.74 
6.76 

2.40 
2.42 
248 
2.48 
2.48 

2.41 
2.88 
2.86 
286 
2.86 

1.888 
1297 
1.880 
1.829 
1.886 

At.... 

600 

6.76 

2.42 

2.88 

15.0 

0.020 

1.820 

89.86      ( 

a.82       1 

».88 

88.08 

61.92 

1071 

Ist    100 
2d     100 
8d     100 
4th    100 
6th    10i> 

6.69 
6.64 
6.62 
6.69 
6.66 

2.86 
2.89 
2.87 
2.42 

2.44 

2.83 
2.31 
2.82 
227 
227 

2.90 

18.5 
15.0 
14.5 
15.0 
15.0 

0.018 
.019 
.019 
.090 
.081 

1.277 
1.281 
1.286 
1.29B 
1.286 

At.... 

6(« 

6.62 

2.40 

14.6 

0.019 

1.281 

80.57       ( 

S2.69       ( 

».99 

88.48 

61.68 

1074 

Ut    100 
2d     100 
8d     100 
4th    100 
6th    100 

5.76 
6.71 
5.76 
6.78 
678 

2.84 
2.82 
2.84 
2.86 
2.82 

2.02 
2..8 
2.02 
202 
2.08 

20.0 
20.0 
21.0 
21.0 
20.0 

0.028 
.087 
.028 
.029 
.028 

1.881 
1.820 
1.849 
1.341 
1.887 

* 

At.... 

600 

676 

2.84 

202 

20.0 

0028 

1.886 

88.59       ( 

».82       ( 

S.81 

85.84 

64.16 

1078 

iBt    100 
2d     100 
8d      ICO 
4th    100 
6th   100 

6.48 
6.41 
642 
6.87 
6.44 

2.77 
2.72 
2.74 
2.72 
2.72 

2.81 
2.86 
2.84 
2.84 
2M 

22.0 
20.5 
21.6 
21.0 
20.5 

0.089 
.028 
.029 
.088 
.028 

1.804 
1.807 
1310 
1.292 
1  300 

At. 

600 

6.41 

2  78 

^84 

284 
2.85 
2  86 
2.89 
2.84 

21.1 

0  028 

1.808 

88.36       ( 

J4.7R       I 

>7  56 

87  62 

62^ 

1060 

St    100 
2d     100 
8d     100 
4th    100 
6th    100 

600 

6.10 
6.11 
6.09 
6.11 
6.06 

2.H0 
2.60 
2.57 
266 
2.68 

19.0 
19.0 
18.6 
18.6 
18.0 

0.085 
.026 
.026 
.026 
.086 

1.845 
1  389 
1.340 
1.344 
1.888 

At.... 

6^09 

2.68 

286 

18.6 

0.028 

1.841 

86.99       ( 

i6.80       { 

.7.78 

87.84 

62.16 
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Table  l—CknUinu«d. 


No. 

I 

I- 

1 

1 

f 

r 
? 

w 

i 

Av.  voliinie-w«isht. 

Packins 
<iu«lfty. 

No. 

1 
1 

i 

i 

Iff 

If 

j 

f 

I 

i 

1 

1 

H 

1081 

Ist    100 

«.01 

2.69 

2.28 

20.6 

O.OM 

1.860 

2d     100 

6.99 

2.69 

2.22 

19.0 

.026 

1.868 

^ 

8d     100 

6  01 

2.69 

2.28 

20.0 

.027 

1.862 

4th   100 

6.96 

2.68 

2.23 

19.0 

.026 

1.861 

5th   100 

6.01 

2.66 

2.26 

20.0 

.026 

1.844 

Av 

600 

6.00 

2.68 

2.28 

19.7 

0.026 

1.860 

86.82       ( 

17.06       < 

S.66 

87.94 

62.06 

1062-1 

l8t    100 

6.96 

2.48 

2.46 

16.6 

0.022 

1.826 

2d     100 

6.01 

2.89 

2.51 

16.6 

.021 

1.820 

3d     100 

6.00 

2.38 

2.62 

16.0 

.021 

1.822 

4th   100 

699 

2.40 

2  49 

16.0 

.021 

1.824 

6th   100 

6.96 

2.89 

2.49 

16.6 

.021 

1.828 

Av 

600 

6.96 

2.40 

2.49 

16.1 

0.021 

1.328 

82.99       < 

M.47       1 

)7.76 

88.64 

61.86 

1106 

iBt    100 

6.47 

2.87 

2.26 

24.6 

0.084 

1.806 

2d     100 

6.63 

2.90 

225 

24.6 

.084 

1.802 

3d     100 

6.47 

2.87 

2.25 

26.0 

.083 

1.804 

4th   100 

6.48 

2.89 

2.24 

26.5 

.084 

1.807 

6th   100 
500 

6.60 
6  49 

2.88 

2.26 

25.0 

.084 

1.808 

Av. . . . 

2.88 

2.26 

24.9 

0.034 

1.304 

87.62       ( 

{8.07       < 

J8.21 

84.12 

66.88 

1106 

1st    100 

6.32 

2.50 

2.62 

18.0 

0.024 

1.8S0 

2d     100 

6.32 

2.50 

2.52 

18.6 

.024 

1.829 

3d     100 

6.29 

2.49 

2.62 

18.0 

.024 

1.822 

4th    100 

6.80 

2.48 

2.54 

17.0 

.024 

1.328 

6th   100 

600 

6.34 

2.50 

2.53 

18.0 

.026 

1.816 

Av 

6.31 

2.49 

2.52 

17.0 

0.024 

1.325 

88.81       < 

».95       ( 

►7.73 

88.80  i  61.70 

lUO 

l8t     100 

6.97 

2.79 

2.04 

20.0 

0.026 

1.806 

2d      100 

6.96 

2.78 

2.14 

19.0 

.026 

1.810 

3d     100 

6.96 

2.81 

2.12 

20.2 

.028 

1.309 

4th    100 

5.98 

2.80 

2.18 

20.0 

.028 

1.815 

6th    100 

6.94 
6.96 

2.79 

2.18 
2.13 

2U.0 

.026 

1.808 

Av 

600 

2.79 

19.8 
23.0 

0.027 

1.309 

83.66      ( 

M.99       { 

».80 

87  28 

JK.77 

1111 

Iflt    100 

5.78 

3.06 

1.88. 

0.032 

1.301 

2d     100 

6.81 

8.06 

1.90 

24.0 

.082 

1  296 

3d     100 

6.80 

8.12 

1.86 

25.0 

.034 

1.296 

4th    100 

5.81 

8.11 

1.87 

24.6 

.038 

1.800 

5th    100 

5.84 

3.11 

1.87 
1.88 

25.0 
24.3 
28.0 

.033 

1.297 

86.81  1    ( 

Av 

500 

5.81 

3.09 

0.033 

1.298 

J7.44       e 

(2.47 

34.68 

66.82 

1112 

l8t     100 

6.16 

2.85 

2.15 

0  082 

1.837 

2d     100 

6.18 

2.89 

2.12 

22.6 

.032 

1.345 

3d      100 

6.10 

2.84 

2.14 

22.5 

.030 

1.860 

4th    100 

6.18 

2.89 

2.13 

2i.O 

.082 

1.347 

5th    100 

6.13 

2.89 

2.12 

22.6 

.082 

1340 

Av 

500 

6.14 

2  87 

2.13 

JS.7 

0.032 

1.346 

88.64       ( 

».87     e 

S.84 

86.76 

64.24 

1118 

l8t     100 

6.11 

2.89 

2.11 

21.0 

0.029 

1.345 

2d     100 

6.15 

2.95 

2.08 

22.5 

.030 

1.334 

3d     100 

6.12 

2.98 

2.06 

21.6 

.030 

1.826 

4th    100 

6.19 

2.96 

2.09 

22  6 

.061 

1.334 

5th   100 

6.17 

2.94 
2.93 

2.09 

21.5 

.030 

1.327 

Av 

600 

6.16 

2.09 

21.8 

0.030 

1.888 

86.98       < 

J6  76       ( 

M.22 

36.87 

68.18 
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Table  l-CkmUnutd. 


No. 
ffiains. 

1 

I 

1 
I 

1 

.? 

At.  T0laBM-w«fffht. 

Paekiiiff 
qwlity. 

Hfo. 

1 

'I 

r^ 

s 

Iff 

i 

U14 

l8t    100 

6.0B 

2.68 

2.U 

18.6 

o.on 

1.298 

2d    100 

6.10 

2.70 

2.11 

19.1 

.024 

1.800 

ad     100 

5.0B 

2.67 

2.12 

17.6 

.088 

1.800 

4th   100 

5.11 

2.70 

2.11 

18.4 

.024 

1.800 

5th   100 

5.C7 

2.70 

2.10 

17.7 

.028 

1.296 

Av 

500 

5.00 

2.69 

2.U 

18.2 

0.023 

1.296 

84.89 

65.95 

90.16 

36.10 

63.90 

lUS 

let    100 

6.16 

8.06 

202 

85.5 

0.084 

1.806 

2d     100 

6.19 

8.06 

2.08 

26.0 

.088 

1.200 

8d     100 

6.12 

8.06 

2.08 

25.0 

.064 

1.800 

4th   100 

6.16 

8.06 

2.08 

85.5 

.084 

1.802 

5th   100 

6.24 

3.04 

2.06 

25.5 

.084 

1.811 

At 

600 

6.19 

8.05 

2.68 

26  8 

0.084 

1.802 

84.64 

65.75 

60.46 

85.50 

64.60 

U16 

1st    100 

6.26 

2.90 

2.15 

24.0 

0.082 

1284 

2d     100 

6.21 

2.91 

2.18 

24.0 

.082 

1.800 

3d     100 

6.22 

2.90 

2.14 

24.5 

.088 

1.884 

4th   1(jO 

6.25 

2.90 

2.15 

24.5 

.068 

1.295 

5th    100 

6.22 

2.88 

2.16 

£60 

.088 

1.800 

At 

500 

6.28 

2.90 

2.14 

246 

0668 

1.895 

85.69 

66.49 

61.00 

35.84 

64.16 

lilt 

let    100 

6.09 

289 

2.12 

28.0 

0.081 

1.802 

2d     100 

6.10 

2.90 

2.10 

24.0 

.Ott 

1.818 

8d     100 

6.07 

2.90 

2.09 

28.0 

.081 

1.824 

4th   100 

6.10 

2.89 

2.11 

24.0 

1.885 

6th   100 

6.13 

2.88 

2.12 

28.0 

.002 

1.806 

At 

GOO 

6.10 

2.89 

2.11 

28.4 

0.082 

1.816 

88.17 

69.87 

67.84 

85.82 

64.18 

1121 

let    100 

6.07 

2.85 

2.18 

21.5 

0.028 

1.301 

2d     100 

6.01 

2.84 

2.11 

21.0 

.028 

1.806 

8d     100 

6.06 

2.92 

2.06 

22.5 

.080 

1.802 

4th   100 

6.00 

2.86 

2.10 

22.0 

.028 

1.297 

5th   100 

6.08 

2.88 

2.09 

22.6 

.089 

1.806 

At 

600 

6.04 

2.87 

2.10 

21.9 

0.089 

1.808 

82.96 

64.46 

60.84 

85.96 

64.04 

1125 

1st    100 

6.24 

8.08 

2.06 

28.5 

0.088 

1.859 

2d     100 

6.27 

2.99 

2.10 

24.0 

.062 

1.848 

8d     100 

6.26 

8.01 

2.08 

24.0 

.062 

1.858 

4th   100 

6.80 

8.00 

2.10 

24.0 

.088 

1.857 

5th   100 

6.82 

8.01 

2.10 

25.0 

.088 

1.868 

At 

600 

6.28 

8.01 

2.09 

24.1 

0.088 

1.868 

86.81 

67.44 

61.9« 

35.84 

64.16 

U46 

1st    100 

6.41 

8.19 

2.00 

28.0 

0.086 

1.218 

2d     100 

6.41 

8.16 

2.02 

29.5 

.084 

1.222 

8d     100 

6.40 

8.18 

2  01 

27.7 

.085 

1281 

4th   100 

6.41 

8.17 

2.02 

27.5 

.085 

1.227 

5th   100 

6.45 

8.16 

2.04 

28.9 

.066 

1.227 

At 

600 

642 

8  17 

2.09 

28.8 

0.085 

1.226 

81.67 

68.45 

5814 

35.12 

64.88 

1149 

iBt     100 

6.02 

2.88 

2.09 

28.0 

0.031 

1.861 

2d     100 

6.02 

2.85 

2.11 

21.5 

.081 

1.861 

8d     100 

5.se 

2.85 

2.10 

21.5 

.080 

1.258 

4th   100 

6.00 

2.86 

2.10 

22.0 

.081 

1.858 

6th  100 

6.00 

2.87 

2.09 

22.0 

.081 

1.862 

At 

600 

6.01 

2.86 

2.10 

22.0 

0.081 

1.360 

89.91 

68  86 

68  58 

86.04 

64.96 

—2-170 
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Table  I— Concluded. 


No. 
arrains. 

.? 

w 

1 

r 

1 

< 

r 

1 

1 

f 

1 

PMkiBff 

qoaHty. 

Na 

[f 

f? 

If 

j 

} 

: 

t 

,| 

\l 

1160 

let    100 

6.28 

2.86 

2.18 

28.6 

0.082 

1.862 

2d     100 

6.24 

2.88 

2.16 

28.6 

.082 

1.881 

8d     100 

6.26 

2.88 

2.17 

24.0 

.088 

1.868 

4th   100 

6.21 

2.90 

2.14 

28.6 

.088 

1.842 

6th   100 

6.27 

2.89 

2.16 

28.9 

.088 

1.868 

Av 

600 

6.24 

2.88 

2.16 

28.7 

0.088 

1.860 

87.84      ( 

S7.64      { 

S.8S 

86.64 

64.16 

1161 

l8t    100 

6.04 

2.81 

2.16 

18.6 

0.024 

1.288 

2d     100 

6.01 

2.77 

2.17 

18.1 

.024 

1.284 

8d     100 

6.99 

2.78 

2.16 

18.6 

.028 

1.290 

4th  100 

6.04 

2.81 

2.16 

18.6 

.028 

1.280 

6th   100 

6.06 

2.88 

2.14 

18.0 

.028 

1.272 

Av 

600 

6.02 

2.62 

2.16 

18.8 

0.028 

1.282 

77.08      1 

S9.84      1 

58.87 

40.28 

69.n 

1162 

iBt    100 

6.10 

2.88 

19.0 

0.026 

1.869 

2d     100 

6.10 

2.69 

2.86 

18.0 

.026 

1.867 

8d     100 

6.11 

2.60 

2.86 

18.6 

.026 

1.862 

4th   100 

6.08 

2.62 

2.88 

19.0 

.026 

1.866 

6th   100 

6.10 

2.68 

2.86 

18.6 

.026 

1.S78 

Av 

600 

6.10 

2.60 

2.84 

18.6 

0.026 

1.868 

88.74       ( 

».94      < 

n.66 

86.24 

64.K 

1068-2 

l8t    100 

684 

2.89 

2.19 

21.0 

0.029 

1.844 

2d     100 

6.29 

2.88 

2.18 

20.9 

.028 

1.848 

8d     100 

6.84 

2.89 

2.21 

20.7 

.028 

1.860 

4th   100 

6.80 

2.86 

2.20 

20.1 

.029 

1.887 

6th  100 

6.:8 

2.90 

2.18 

22.0 

.080 

1.841 

Av 

600 

6.82 

2.88 

2.19 

20.9 

0.029 

1.848 

81.46      i 

».88      < 

S.li 

86.24 

a.n 
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In  a  similar  way,  the  mean  kemel-tvidth  for  each  race  was 
also  determined,  upon  another  slightly  differently  constructed 
measuring  board.  (Plate  VII.)  It  was  found  that  the  varia- 
tions in  averages  among  the  five  different  hundreds  of  each  lot 
were  so  slight  that  in  general  a  lesser  number  than  500  would 
have  suflSced.  However,  this  number  was  adhered  to  in  the  de- 
termination of  the  averages  in  question  for  the  entire  series  of 
fifty-two  races. 

These  length  and  breadth  measurements  were  then  combined 
in  the  form  of  the  ratio  of  length  to  width  for  each  race,  and 
taken  as  a  form-factor — a  large  ratio  denoting  a  long  grain  and 
a  small  ratio  a  short  grain,  as  a  matter  of  course. 

Each  separate  lot,  for  which  mean  lengths  and  widths  of  the 
grain  had  been  determined,  was  also  used  in  the  determination 
of  mean  kernel  volume.  This  was  done  by  pouring  each  lot  of 
100  kernels  into  a  very  accurately  calibrated  burette,  previously 
filled  with  95  per  cent  alcohol  up  to  an  observed  point.  The 
volume  of  displacement  of  the  alcohol  gave  the  data  for  de- 
termining the  average  kernel  volume,  expressed  in  cubic  milli- 
meters, and  furnished  a  means  of  differentiating,  say,  two 

races  having  ttie  same  -^^r  ratios,  but  in  which  the  kernels 

were  of  different  average  sizes.  Here  also  the  mean  volumea 
for  each  of  the  500-kemel  lots  in  the  different  races  are  ex- 
ceedingly uniform.    (See  table  I.) 

Other  factors  in  the  form  of  kernel,  such  as  the  third  dimen" 
sion,  or  the  distance  from  the  plane  of  the  "crease"  or  groove, 
perpendicularly  to  the  point  of  greatest  thickness  of  the  kernel, 
and  the  form  and  dimensions  of  the  crease  itself,  were  not 
determined,  owing  to  special  diflSculties  in  the  way  of 
ascertaining  them.  Nor  was  any  way  found  for  quanti- 
tatively measuring,  without  too  laborious  detail,  the  outline 
of  the  kernel,  which  varied  from  broad-oval,  tapering 
equally  toward  both  ends,  to  linear-oblong,  or  an  obovate 
form,  tapering  toward  one  end.  All  of  these  differences 
in    the    shape    of   the   kernel   were    left   to    be    expressed 

by  mean      .^    ratios  and  by  mean  volumes. 

The  volume-weight  of  the  kernels  of  each  race  was  then 
determined  by  weighing  as  much  grain  as  could  possibly  be 
packed  into  a  250  cc.  graduate,  the  packing  being  effected  by 


Digitized  by  VjOOQIC 


lis  Botanical  Department.  [Bull.  170 

vigoFouft  tampiai;  of  the  graduate  a  given  number  of  times  for 
each  fractional  portion  of  its  contents  as  the  same  was  put  in. 
This  volunae-weight  in  grams  per  100  cc.  will  be  taken  con- 
verted into  terms  of  pounds  per  bushel  for  the  purpose  of  this 
paper. 

The  amount  of  unoccupied  air  space  left  among  the  kernels 
of  the  packed  grain  was  then  determined  in  the  case  of  each  of 
the  fifty-two  cases  in  the  experiment,  by  filling  the  graduate  in 
which  the  grain  had  been  packed  as  described,  with  95  per  cent 
alcohoL  The  amount  of  alcohol  thus  delivered  from  the  bu- 
rette»  and  necessary  to  exactly  cover  the  grain,  reduced  to  a 
basis  of  100  cc.  and  subtracted  from  100,  gave  exactly  the 
volume  in  percentage  of  100  cc.  of  actual  solid  grain  material 
in  each  instance. 

There  were  thus  at  hand  data  f<Mr  determining  the  relation 
between  any  specific  type  of  kernel  as  expressed  in  terms  of  the 

.^    ratio  and  the  average  kernel-volume  on  the  one  hand, 

and  the  percentage  volume  of  grain  in  100  cc  cm  the  other; 
and  between  all  of  these  factors  on  the  one  hand  and  the  bushel- 
weight  on  the  other. 

Assembling  the  data  ^ven  in  table  I  in  such  manner  as  to 
bring  out  these  relationships,  we  have : 
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Tablb  II. 


kernel 

\S3r 

Afar  space 

Percent 
YoLoC 

:i^ 

yfOnmm 

weicbt 

Qrmm 

Lbs.  per 

Lbs.p«r 

imlOOeo. 

(en.  mm). 

(grams). 

per  100 
oe. 

bushel 
(packed). 

bushel 
(struck). 

unoccu- 
pied by 
grata. 

1071 

U.6 

8.018 

88.G7 

82.58 

66.88 

88.48 

61.66 

mr 

M.a 

€09 

94.91 

99.49 

97.41 

99.79 

69.94 

lOM 

15.0 

;«89 

99.99 

99.89 

&8.89 

98.99 

61.99 

418-6 

16.0 

.021 

84.88 

06.06 

82.26 

84.64 

66.88 

108e-l 

1^.1 

.021 

tt.88 

64.47 

S:S 

86.64 

61.86 

800 

16.4 

.022 

88.88 

86.17 

86.61 

08.4t 

916 

16.7 

.on 

88.27 

€6.68 

08.88 

86.0$ 

64.96 

T78 

17.0 

.028 

86.17 

66.84 

60.77 

87.18 

82.87 

748 

17.8 

.084 

88.77 

66.06 

68.11 

87.60 

08.40 

lOff^-l 

17.6 

.018 

81.16 

68.M 

in.o6 

88.28 

6V.77 

MS 

17.9 

.OM 

89.17 

99.94 

99.69 

95.09 

94.49 

IMW 

17.9 

.994 

99.9t 

99.95 

87.79 

98.99 

61.79 

881 

18.8 

.084 

16.64 

61.09 

66.48 

88.86 

£:» 

iSs 

18.0 

.026 

79.M 

61.40 

88.87 

41.69 

881 

18.1 

.084 

84.16 

66.88 

68.16 

87.17 

SS 

1114 

18.2 

.028 

84.88 

66.96 

00.16 

86.10 

1018 

18.8 

.026 

86.41 

66.86 

S:8 

96.04 

S:8 

116' 

18.8 

.023 

77.02 

68.84 

40.» 

800 

is.o 

.«» 

9S.99 

99.87 

99.79 

99.69 

SIS 

1«M 

IS.O 

.999 

99.99 

99.99 

97.78 

97.94 

1162 

18.6 

.026 

88.74 

66.84 

68.66 

86.24 

64.76 

1014 

19.2 

.026 

79.27 

61.68 

66.60 

87.88 

62.18 

1061 

18.7 

.686 

86.82 

67.06 

62.55 

87.94 

62.06 

UIO 

18.8 

.027 

88.66 

64.88 

09.80 

87.28 

62.77 

818 

18.8 

.027 

88.68 

64.84 

68.48 

86.B 

61.48 

888 

20.0 

.027 

88.01 

64.48 

69.88 

86.86 

64.16 

1074 

20.0 

.028 

88.68 

66.82 

62.81 

36.84 

64.16 

884 

20.8 

.027 

82.18 

68.84 

68.06 

86.66 

68.  4 

1Q16 

90.6 

.028 

80.78 

62.76 

66.48 

S:S 

66.09 

864 

80.8 

.028 

88.70 

66.02 

68.21 

«2  6i 

1864 

20.8 

.080 

88.80 

68.87 

62.06 

86.67 

S:S 

1068-f 

20.8 

.028 

a.46 

68.26 

82.16 

86.84 

861 

21.0 

.028 

87.88 

67.84 

68.94 

87.51 

tt.49 

1078 

21.1 

.088 

86.86 

64.75 

67.66 

87.68 

£.49 

1006 

21.6 

.024 

88.06 

86.86 

61.86 

86.80 

68.85 

Ills 

21.8 

.060 

86.98 

66.76 

61.22 

86.87 

68.lt 

1121 

21.8 

.028 

82.96 

64.46 

60.84 

86.96 

64.04 

1148 

92.0 

.001 

88.M 

68.86 

68.68 

86.04 

64.M 

927 

22.4 

.080 

86.41 

66.85 

60.81 

86.48 

6452 

1112 

22.7 

.082 

88.64 

68.87 

02.84 

86.76 

64.24 

1119 

28.4 

.082 

88.17 

69.27 

67.84 

85.82 

64.18 

1086 

28.6 

.088 

91.86 

70.98 

66.26 

84.90 

65.10 

lliO 

28.7 

.088 

87.84 

67  64 

88.88 

86.64 

64.86 

1126 

24.1 

.088 

86.81 

67.44 

61.83 

86.84 

S;S 

1111 

24.8 

.068 

88.81 

07.44 

68.47 

84.68 

1116 

24.6 

.088 

86.69 

66.48 

61.00 

85.84 

64.16 

M9 

SI.9 

.994 

98.77 

9H.99 

61.97 

94.9-8 

90.4H 

IIM 

M.9 

.994 

97.99 

99.67 

99.91 

94.19 

9B.89 

1116 

26.8 

.084 

84.68 

65.75 

60.46 

86.50 

64.50 

1040 

26.8 

.084 

80.68 

66.18 

64.78 

88.60 

60.4) 

940 

26.8 

.087 

88.88 

69.06 

68.28 

85.17 

64.88 

1146 

28.8 

.086 

81.67 

63.45 

58  14 

86.12 

64.88 
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In  the  table  (II)  we  have  the  races  under  investigation  ar- 
ranged in  the  order  of  increase  of  their  average  kernel-volumes. 
By  reference  to  the  data  in  the  succeeding  columns  of  this  table, 
the  relation  is  shown  between  the  average  individual  kernel- 
volume  on  the  one  hand,  and  on  the  other  the  volume-weight  of 
grain,  and  what  for  lack  of  a  better  term  is  designated  as 
"packing  quality."  The  gross  bearing  of  average  kernel-vol- 
ume upon  the  ^'packing  quality"  of  the  grain,  as  expressed  by 
the  percentage  volume  of  grain  capable  of  being  packed  into 
100  cc,  is  shown  in  plate  VIII.  Taking  as  abscisssB  the  average 
kernel-volumes,  and  as  ordinates  the  percentage  volume  of  grain 
in  100  cc.,  it  is  clearly  shown  that,  without  reference  to  the 

^?^    ratios  of  the  kernels,  and  without  regard  to  the  average 

kernel-weights,  there  is  a  steady  and  uniform  rise  in  the  per- 
centage of  solid  grain  material  that  will  go  into  a  given  cubic 
volume  of  space,  as  the  average  kernel-volumes  rise  from  14  to 
28  cubic  millimeters. 

The  data  plotted  are  shown  in  two  groups,  those  races 

lenirth 
(twenty-seven  in  number)  having     .^..    ratios  of  from  1.88 

to  2.14  millimeters  being  designated  by  circles,  and  those  races 

lenirth 
(twenty-five  in  number)  having     .f ,     ratios  of  from  2.15  to 

2.84  millimeters  being  indicated  by  crosses.  By  thus  differen- 
tiating the  races  having  kernels  with  low  ratios  (short  kernels) 
from  those  with  high  ratios  (long  kernels) ,  it  is  readily  seen 
that  the  combination  of  short  kernels  with  large  volumes  is  the 
more  frequent  one,  and  that  there  is  a  more  uniform  rise  in  the 
packing  quality  of  the  grain  where  the  increasing  kemel-vol- 

umes  are  accompanied  by  low  — ^^^  ratios.  It  is  suflSciently 
apparent  from  this  plotting  alone  that  the  type  of  kernel  to 
breed  for  is  one  having  a  low  .^  ratio  combined  with  a 
maximum  average  kernel-volume.  Considering  now  the  rela- 
tion between  the  -^Tfcr  ratio  of  the  kernels  and  the  packing 

quality  of  the  grain,  we  have  the  data  of  table  I  plotted  in 
plate  IX.  No  attempt  has  been  made  to  calculate  an  equa- 
tion to  express  the  curve  according  to  which  these  individual 
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data  fall,  but  simple  inspection  shows  that  such  an  equation 
would  be  for  a  straight  line,  and  that  the  curve  falls  from  the 
low  to  the  high  ratios.    In  other  words,  ihe  plot  clearly  shows 

that  with  an  increased     .^    ratio — i.  e.,  a  larger  kernel — the 

percentage  volume  of  grain  in  100  cc.  falls  off  absolutely,  and 
irrespective  of  the  average  kernel-volumes,  thus  corroborating 
the  conclusion  derived  from  the  data  in  plate  VIII. 

Referring  again  to  table  II,  it  will  be  noted  that  four  pairs  of 
wheat  races  occur,  indicated  in  black-face  type,  in  which,  for 
each  pair,  identical  kernel-volumes  and  identical  kernel- 
weights  exist.  By  having  thus  eliminated  the  variables  of 
weight  and  volume,  it  is  possible  to  analyze  more  exactly 

the  relation  between      .^    ratios  of  the  kernels  on  the  one 

width 

hand,  and  both  volume-weight  (pounds  per  bushel)  and  per- 
centage volume  of  grain  in  100  cc.  (packing  quality)  on  the 
other.    This  relation  is  exhibited  by  the  plotting  in  plate  X. 

In  plate  X  we  have  the  four  pairs  of  cases  given  in  table  II, 
.where  identical  kernel-volumes  and  kernel-weights  occur  in 
each  pair,  respectively.  These  pairs  are  arranged  in  four  suc- 
cessive plots  on  the  plate  in  the  order  of  increasing  average 
volume  of  the  kernels  of  the  pairs.    The  abscissae  indicate  the 

.^    ratios  of  the  kernels  in  decreasing  order  for  each  pair. 

The  ordinate  figures  express  conveniently  two  relations,  viz., 
pounds  per  bushel  and  percentage  volume  of  grain  in  100  cc 

The  effect  of  high  and  low      .?/.     ratios  upon  each  of  these 

factors  is  expressed  separately  by  the  two  groups  of  each  plot. 
It  will  be  seen  that  in  three  out  of  the  four  pairs  of  cases,  where 
identical  kernel-volumes  and  kernel-weights  exist  for  each  pair, 
that  increased  percentages  of  grain  in  100  cc.  follow  the  pro- 
gression from  high  to  low  ratios.  It  also  appears  that  in- 
creased bushel- weight  accompanies  without  exception  that 
member  of  each  of  the  four  pairs  having  the  lower  ratio.  The 
general  shifting  of  the  pairs  up  on  the  ordinate  scale  from 
plot  A  to  plot  D  may  be  due  in  part  to  progressively  increasing 
average  kernel-weights,  since  the  latter  run  in  an  increasing 
series  0.020,  0.025  and  0*034  for  the  plots  from  A  to  D.  It  is 
more  likely,  however,  that  the  predominant  influence  is  that  of 
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average  kernel-volume.  The  demonstration  of  the  general  im- 
portance of  this  factor  in  plate  VIII  leads  to  the  conclusion  that 
in  the  four  pairs  exhibited  here,  where  a  rise  from  A  to  D  is 
indicated  with  practically  no  exception,  when  each  member  of 
the  pair  is  followed  successively  through  the  four  plots  for 
both  percentage  volume  of  grain  and  pounds  per  bushel,  that 
this  is  largely  to  be  charged  to  the  rise  in  kernel-volume  from 
15  cu.  mm.  in  A  to  24.9  cu.  mm.  in  D.  This  rise  in  the  kernel- 
volume  is  moreover  much  more  rapid  than  the  corresponding 
rise  in  kemel-weifi^t. 

In  table  III,  which  follows,  the  data  of  averages  given  in 
table  I  are  again  rearranged,  to  show  the  absolute  relation  be- 
tween average  weight  of  individual  kernels  in  the  different 
races  under  experiment  and  the  volume-weight  and  packing 
quality  of  the  grain,  the  arrangement  being  in  the  order  of  in- 
•creasing  average  weights  of  the  kernels. 
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Tablb  III. 


Av. 
kernel. 

Volume-weisht  of  gnin. 

PMkinff  quality 
o(f  the  sndn. 

Pedi. 

Grmms 

per 
100  cc 

Lbs. 

per 

bushel 

(pMked). 

Lbe. 

per 

bushel 

(struck). 

Air 
space  in 

100  oc 
unoccu- 
pied by 

grain. 

Percent 
▼oLof 

grain  in 
160  cc 

1071 

0.019 

80.67 

62.59 

66.99 

88.48 

61.62 

•07 
1069 

.020 
.020 

84.21 
80.86 

66.42 
62.82 

57.41 
68.82 

86.76 
88.06 

68.24 
61.92 

418-6 
1082-1 

.021 
.021 

84.99 
82.99 

66.06 
64.47 

62.26 
67.76 

84.64 
88.64 

65.86 
61.86 

860 

.022 

88.89 

66.17 

59.69 

86.61 

68.49 

778 
886 
106&-1 

m4 

1151 

.028 
.028 
.028 
.088 
.028 

86.17 
88.27 
81.15 
84.89 
77.02 

66.94 
68.68 
68.04 
66.96 
69.84 

60.77 
68.89 
67.06 
60.16 
53.87 

87.13 
86.06 
89.28 
86.10 
40.28 

62.87 
64.92 
60.77 
68  99 
69.72 

748 
861 
921 
988 

1006 
1106 

.024 
.024 
.024 
.024 
.024 
.024 

88.77 
84.16 
78.64 
86.17 
86.06 
82.81 

66.06 
*    66.88 
61.09 
66.94 
66.86 
68.96 

58.11 
59.16 
66.48 
60.69 
61.86 
67.78 

87.60 
87.17 
88.86 
85.58 
86.20 
88.80 

62.4a 
62.88 
61.64 
64.48 
68.80 
61.70 

800 
1014 
1018 
10S8 
1080 

.026 
.025 
.026 
.025 
.026 

86.06 
79.27 
85.41 
79.04 
86.99 

66.87 
61.68 
66.86 
61.40 
66.80 

62.75 
65.60 
60.68 
58.87 
57.78 

86.60 
87.88 
86.64 
41.09 
87.84 

68.40 
62.12 
68.86 
68.91 
62.16 

1061 
1168 

.026 
.006 

86.82 
88.74 

67.06 
68.94 

62.66 
68.66 

87.94 
85.24 

62.06 
64.76 

819 
898 
994 
1110 

.027 
.027 
.027 
.027 

88.68 
88.01 
82.18 
88.66 

64.89 
64.49 
68.84 
64.99 

68.48 
68.88 
68.06 
59.80 

86.62 
86.86 
86.66 
87.28 

68.48 
64.15 
68.84 
68.77 

864 

961 
1016 
1074 
1078 

.028 
.028 
.028 
.028 
.028 

88.10 
87.88 
80.78 
88.89 
88.86 

66.62 
67.84 
62.76 
68.88 
64.76 

69.21 
68.94 
66.48 
62.81 
67.66 

87.47 
87.61 
87.94 
86.84 
87.62 

62.68 
62.49 
62.06 
64.16 
62.48 

1068-2 
1121 

.089 
.029 

81.45 
82.95 

68.28 
64.45 

62.15 
60.84 

86.24 
86.96 

68.76 
64.04 

927 
1064 
1U8 

.080 
.080 
.060 

85.41 
88.00 
85.98 

66.85 
66.87 
66.76 

60.81 
62.06 
61.22 

86.48 
86.67 
86.87 

64.62 
68.88 

68.18 

U49 

.081 

89.91 

68.85 

68.68 

85.04 

64.96 

U12 
1U9 

.062 
.062 

88.64 
89.17 

68.87 
69.27 

62.84 
67.84 

85.78 
86.82 

64.24 
64.18 

1066 
1111 
U16 
1126 
1160 

.068 
.088 
.068 
.068 
.088 

91.86 

86.81 
86.69 
86.81 
87.84 

70.98 
67.44 
66.49 
67.44 
67.64 

66.26 
62.47 
61.00 
61.98 
62.88 

84.90 
84.68 
85.84 
85.84 
86.64 

66.10 
65.82 
64.16 
64.16 
64.86 

9S2 
1106 
1040 
1116 

.064 
.064 
.064 
.064 

88.77 
87.62 
80.68 
84.68 

68.96 
68.07 
66.18 
65.76 

64.07 
68.21 
64.78 
60.45 

84.62 
84.12 
89.60 
86.60 

61.48 
66.88 
60.40 
64.60 

1146 

.065 

81.67 

68.46 

68.14 

86.12 

64.88 

940 

.087 

88.88 

69.05 

68.28 

86.17 

64.88 
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The  degree  of  influence  exercised  by  the  average  kernel- 
weight  in  the  gross  upon  the  bushel-weight,  may  be  inferred 
to  some  extent  from  plate  XI,  in  which  the  abscissae  denote  the 
average  kernel-weight  in  grams  and  the  ordinates  indicate  the 
number  of  pounds  to  the  (packed)  bushel.  It  should  be  re- 
membered, however,  that  tiie  variable  of  increasing  volume  is 
also  present,  and  that  the  plotting  therefore  cannot  show  the 
absolute  relation  between  kernel-weight  alone  and  volume- 
weight.  "  It  is  sufficient  to  call  attention  to  the  fact  that  the 
relation  here  is  not  as  close  as  between  kernel-volume  and 
volume-weight  as  shown  in  plate  VIII. 

The  prime  importance  of  a  well  packing  type  of  grain  in 
wheat,  so  far  as  the  test  bushel-weight  is  concerned,  is  shown 
most  strikingly  in  plate  XII,  where  the  percentage  volumes  of 
grain  in  100  cc.  are  plotted  as  abscissae,  and  the  bushel-weighta 
as  ordinates.  The  sharp  and  close  coincidence  of  good  pack- 
ing quality  with  high  bushel-weight,  irrespective  of  individual 
kernel-weights,  is  here  strikingly  shown. 

Finally,  in  table  IV,  tiie  fifty-two  races  of  wheat  under  in- 
vestigation stand  arranged  in  the  increasing  order  of  their 

^f^  ratios.    Amongst  tiiese,  the  races  having  coincident 

ratios  are  printed  throughout  in  black-face  type. 
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Table  IV. 


At. 

ratio 
knctfa 

to 
bmdth 

of 
kcrneto. 

At. 

keriMl 

TOlmiM 

(eu.mm.) 

Packing  Qoality  of 
rrain. 

Volama-waislit  of  srain. 

No. 

Air 
■paeein 

100  cc 
anooeii- 
Pied  by 

graia. 

Peraant 
VOL  of 

rraiain 
100  ec 

lS!ec 

(packed). 

Lte.per 

bo. 
(atnck). 

im 

907 

4ia-8 

1.88 
1.90 
1.9e 

24.8 
16.0 
16.0 

84.68 
86.76 
84.64 

66.82 
68.24 
66.86 

86.81 
84.21 
84.98 

67.44 
66.42 
66.08 

68.47 
67.41 
62.86 

1074 
1066 

S.08 
S.08 

so.o 
ss.o 

80.84 

S4.90 

01.16 
65.10 

88.89 
91.86 

08.82 
70.98 

82.81 
60.20 

1116 
994 

2.08 
8.04 

26.8 
20.8 

86.60 
86.66 

64.60 
68.84 

84.63 
88.18 

66.76 
68.84 

60.46 
68.06 

IMl 

908 

s.oo 
s.oo 

18.0 
S4.9 

S8.S6 

Si.02 

01.04 
00.48 

78.64 

88.77 

01.00 

08.96 

06.48 

64.07 

1008 
1064 

8.07 
2.06 

81.6 
20.9 

86.20 
86.67 

68.80 
68.88 

86.06 
88.00 

66.86 
66.87 

61.86 
62.06 

HIS 
1IS5 
1140 

S.OO 
2.09 
S.OO 

SI. 8 
S4.1 
S8.S 

86.87 
S0.84 
80.12 

68.18 
64.16 

61.88 

80.98 
M6.8I 
81.67 

66.76 
67.44 
68.40 

61.89 
61.98 
08.14 

800 

8M 

1141 

1140 

0317 

S.IO 
S.IO 
S.IO 
S.IO 
S.IO 

18.6 
S0.9 
SI. 9 
24.0 
S2.4 

86.60 
87.47 
80.90 

68.46 

02.08 
61.04 
64.96 
61.52 

86.08 
88  70 
82.90 
89.91 
80.41 

66.87 
60.O2 
64.48 
66.80 
66.80 

62.75 
09.21 
66.84 
68.58 
60.81 

1114 
1010 
1119 

S.ll 
S.ll 
S.ll 

I8.S 
SO.O 
2S.4 

86.10 
87.94 
80.82 

68.90 
62.00 
01.18 

81.89 

80.78 
89.17 

65.90 
62.76 
66.27 

67.84 

lOIS 
1110 
111*4 

S.1S 
S.IS 

s.is 

18.S 
19.8 
S2.7 

80.04 

87.28 
80.70 

6S.86 
62.77 
64.24 

80.41 

88.00 

88.64 

66.80 
64.99 

68.87 

66.08 

09.80 
62.84 

1014 
1116 

S.14 
S.14 

I9.S 

24.6 

87.88 
80.84 

62.12 
64.16 

79.27 
80.09 

61.08 
66.49 

55.50 
61.00 

778 
1151 

S.IO 
S.IO 

17.0 
I8.S 

87.18 
40.28 

62.87 
09.72 

86.17 
77.02 

66.91 
09.84 

66.77 
58.87 

1160 

961 
1068-S 

986 

819 

2.16 
2.17 
2.19 
2.20 
2.22 

28.7 
21.0 
20.9 
16.7 
19.9 

35  64 
87  61 
86.24 
86.08 
86.52 

64.86 
62.49 
68.76 
64.92 
68.48 

87.84 
87.88 
81.46 
88.27 
88.58 

67.64 
67.84 
68.28 
68.58 
64.88 

62.88 
58.94 
62.15 
68.89 
69.48 

1009-1 

HOI 
1081 

s.ss 
s.ss 

s.ss 

17.0 
18.1 
19.7 

89.28 
37.17 
37.94 

60.77 
62.>»8 
02.06 

81.10 
84.10 

80.82 

68.04 
60.88 
67.00 

07.05 
59.10 
68.55 

1106 
860 
983 

1071 
898 

2.26 
2.28 
2.29 
2.80 
2.82 

24.9 
16.4 
17.9 
14.6 
20.9 

84.12 
36.61 
85.52 

38.48 
85.85 

66.88 
68.48 
64.48 
61.62 
64.15 

87.62 
88.89 
86.17 
80.67 
88.01 

68.07 
66.17 
66.94 
62.60 
64.49 

68.21 
68.69 
60.69 
66  99 

69.88 

1103 
1078 

S.S4 
S.S4 

18.6 
21.1 

80.24 
37.02 

61.76 
62.48 

88.74 
80.80 

08.94 
61.70 

68.55 
07.56 

1080 
1040 

9.80 
S.80 

18.6 
20.8 

87.84 
39.00 

62.16 
60.40 

80.99 
80.0S 

66.80 
60.18 

57.78 
04.78 

1068 

748 
1082-1 
1108 

940 

loes 

8.38 
2.47 
2.49 
2.62 
2.70 
2.P4 

16.0 
17.8 
16.1 
17.9 
26.8 
IR.O 

88.06 
37.60 
38.64 
38.80 
35.17 
41  09 

61.92 
62.40 
61.86 
61.70 
64.88 
W».91 

80.86 
88.77 
82.90 
82.81 
88.88 
79  04 

62.82 
66.06 
64.47 
68.96 
69.06 
61.40 

68.81 
68.  U 
67.76 
67.78 
68  28 
68.87 
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These  eleven  groups,  having  from  two  to  five  members  each, 
having  identical  ratios  within  the  group,  are  shown  in  suc- 
cession on  plates  XIII,  XIV,  XV  and  XVI.  In  these  plates  the 
ratios  run  from  2.02  to  2.36.  For  each  plate  the  average 
kernel-volumes  in  cubic  millimeters  are  plotted  as  abscissae, 
while  the  ordinates  are  of  three  sets.  The  upper  (integral) 
ordinates  have  a  dual  value,  indicating  throughout  all  of  the 
plots  in  the  four  plates  both  pounds  per  bushel  and  percentage 
volume  of  grain  in  100  cc.  The  lower  (decimal)  ordinates  de- 
note average  kernel-weights  in  grams.  We  are  thus  enabled 
to  present  in  each  plot  of  the  four  plates  three  separate 
graphs,  which  exhibit  side  by  side,  under  identical  condi- 

lenirth 
tions  as  regards      .f.,     ratios,   the   relation   which   volume- 
weight,  kernel-weight  and  percentage  volume  of  grain  in  100 
cc.  all  bear  to  one  another,  where  increasing  kernel- volumes  are 
denoted  by  the  abscissae. 

It  will  be  understood,  in  explanation  of  these  plates,  that  each 
individual  case  in  each  plot  is  treated  as  though  it  were  a  sep- 
arate moment  on  an  individual  variation  curve.  Take,  for  ex- 
ample, the  case  of  the  lower  graph  in  plate  XIV,  which  gives  the 
plotting  of  the  percentage  volume  of  grain  in  100  cc.  for  five 
successive  races  of  wheat — ^Nos.  800,  854, 1121, 1149  and  927 — 
in  the  order  of  the  increasing  values  of  their  kernel-volumes  as 
denoted  by  the  abscissae.  Above  this  graph  the  same  races 
follow  in  the  same  order  in  the  other  two  graphs,  but  the  or- 
dinates denote  average  kernel-weight  in  grams  and  pounds  per 
bushel  in  each  case,  respectively.  It  is  manifestly  impossible,, 
without  more  data,  to  speak  positively  regarding  the  exact 
mathematical  relation  that  may  be  found  to  exist  in  the  case  of 
wheat  between  the  percentage  volume  of  grain  in  a  given  cubic 
space  and  the  volume-weight  as  expressed  in  pounds  per  bushel. 
It  is  sufl5ciently  evident  that  an  exceedingly  close  relation  does 
exist  between  the  two.  (See  plate  XII.)  A  close  inspection  of 
the  series  of  plates  further  reveals  the  fact  that  the  rise  and 
fall  of  the  graph  for  bushel-weight,  while  generally  accom- 
panied by  a  closely  corresponding  rise  and  fall  of  the  per- 
centage volume  of  grain  in  100  cc,  is  not  accompanied  by  a 
similar  deflection  of  the  graph  for  individual  kernel-weight. 
In  plate  XI  the  doubtful  and  uncertain  bearing  of  the  average 
individual  kernel-weight  upon  the  bushel-weight  has  been  in- 
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dicated.  There  seems,  moreover,  to  be  a  rather  general  ten- 
dency for  the  percentage  volume  of  the  grain  in  100  cc.  and  the 
bushel-weight  to  rise  together  with  increasing  volumes  of  the 
individual  kernels  in  the  plots  for  the  low  ratios  (2.02  to  2.14) , 
and  to  fall  in  the  plots  for  the  high  ratios  (2.15  to  2,36) .  This 
also  is  irrespective  of  the  average  kernel-weight,  which  latter 
practically  uniformly  rises  with  the  increase  in  kernel-volume 
in  the  case  of  all  the  ratios.  There  are,  of  course,  cases  which 
conflict.  So  far  as  a  general  conclusion  can  be  inferred  from 
the  data  thus  far,  it  is  as  follows : 

Bushel-weight  is  closely  correspondent  to  the  percentage 
volume  of  grain  contained  in  a  cubic  volume  of  space,  with  an 
exact  mathematical  relation  to  be  established  from  further 
data.  This  relation  is  practically  unaffected  by  the  factor  of 
average  kernel-weight.  There  is  a  general  tendency  for  both 
of  the  above  factors  to  rise  in  value  with  increasing  average 

lenfifth 
volume  of  individual  kernels,  where  the      .^,     ratios   of  ker- 
nels is  low,  and  to  fall  correspondingly  where  the  same  is  high. 

An  investigation  of  some  250  additional  pure  races  of  wheat 
with  respect  to  all  of  these  relations  is  now  nearly  completed, 
and  the  data  derived  therefrom  will  be  included  in  a  future 
bulletin. 

The  final  conclusions  from  all  of  the  experimental  work  on 
the  form-factors  of  the  wheat  kernel  are : 

1.  A  difference  of  at  least  as  high  as  three  pounds  per 
bushel  may  exist  between  different  pure-bred  wheats  having 
identical  average  kemeUvolume  and  kemeUweight,  and  which 
is  due  entirely  to  the  superior  packing  quality  of  one  type  of 
kernel  over  another.  (See  table  II,  cases  of  pairs  906-1069, 
983-1108,  and  plate  X,  A  and  B.)  In  each  of  these  cases  the 
higher  member  of  the  pair  is  the  one  having   the  lower 

^Slt  ratio.    This  indicates  that,  ott  other  conditions  being 
width 

eqtial,  a  difference  of  at  least  three  pounds  to  the  bushel  in  the 

test  weight  can  be  gained  by  breeding  for  short-kemelled  races^ 

of  wheat.    When  other  factors  than  ratio  are  considered,  it 

has  been  found  that  as  much  as  seven  pounds  per  bushel  may  be 

gained  by  breeding  for  specific  types  of  kernel. 

This  difference  would  unquestionably  effect  a  difference  in 

the  grading  in  many  instances.     It  is  of  course  well  known 


Digitized  by  VjOOQIC 


Sept.  1910.]     Breeding  for  Type  of  Kernels  in  Wheat.       135 

that  the  sort  of  manipulation  given  the  grain  tester  may  make 
a  difference  of  as  much  as  five  pounds  in  the  test  reading. 
Even  in  cases  where  such  manipulation  is  possible  and  is 
practiced  to  the  disadvantage  of  the  wheat  grower,  neverthe- 
less he  cannot  but  profit  through  having  a  variety  of  wheat 
which,  by  reason  of  the  type  of  the  kernel,  will  gain  at  least 
three  pounds  in  the  tester  over  other  varieties  and  types  of 
wheat,  under  any  sort  of  manipulation  whatever.  Assuming 
perfect  fairness  in  the  handling  of  the  tester,  there  is  yet  every 
reason  for  the  grower  to  produce  a  wheat  that  will  inevitably 
test  high. 

lenfifth 

2.  Where  the      .f..     ratios  of  the  kernels  remain  the  same, 

width 

the  higher  bushel-weights  generally  follow  the  higher  kernel- 
volumes,  except  in  the  higher  ratios,  where  the  reverse  is  the 
case.  This  indicates  that  the  short  type  of  kernel  with  high 
volume  is  the  type  to  breed  for  to  secure  high  grading,  other 
things  being  equal. 

3.  In  general,  wheats  having  low  — -^r  ratios  are  the  best 

packers,  and,give  the  highest  test  bushel-weights. 

4.  In  general,  wheats  having  high  average  kernel-volumes 
yield  the  highest  bushel-weights;  especially,  as  before  stated, 
when  combined  with  low  ratios. 

5.  There  is  a  very  close  dependence  of  the  bushel-weight  on 
the  percentage  volume  of  grain  in  the  measure,  irrespective  of 
the  average  kernel-weights. 

6.  The  writer's  conclusion  from  the  investigation  herein 
presented,  therefore,  is  that  in  a  just  and  scientific  system  of 
market  grading  of  wheat  the  percentage  volume  of  grain  in  a 
packed  measure  would  be  superior,  as  a  basis  for  establishing 
a  grade,  to  the  present  system  of  grading  by  test  bushel- 
weight. 

In  such  a  system,  the  grain  should  be  run  in  a  continuous 
and  mechanically  distributed  stream  into  a  standardized  liter 
measure,  which,  mounted  on  a  mechanical  shaker,  would  shake 
or  tamp  the  grain  down  as  it  entered.  Into  this  packed  meas- 
ure of  grain,  ordinary  denatured  alcohol  should  be  run  from  a 
container  above,  until  the  surface  of  the  alcohol  reaches  the 
level  of  the  surface  of  the  packed  grain.  Then  the  amount  of 
alcohol  required  to  cover  the  grain  would  be  the  equivalent  of 


Digitized  by  VjOOQIC 


136  Botanical  Department.  [Bull.  170 

the  cubic  volume  of  "air  space  displaced  in  the  measure,  and 
which  the  wheat  itself  did  not  fill.  The  difference  between  this 
amount  of  alcohol,  in  cubic  centimeters,  and  1000  cc. — ^the 
volume  of  the  standard  measure — ^would  give  the  actual  vol- 
ume of  wheat  that  had  been  packed  into  the  measure.  Upon 
the  amount  of  solid  grain  as  determined  in  this  way,  and  ex- 
pressed in  percentages  of  1000  cc.,  the  grading  of  the  grain 
would  rest. 

The  grain  should  clearly  be  cleaned  before  being  graded. 
This,  however,  even  now,  under  the  present  test  bushel-wfeigfat 
system,  is  practiced  by  the  Minnesota  State  Grain  Inspection 
Department  for  all  grain  officially  graded  there. 

Other  qualitative  factors,  such  as  color,  bleached  condition, 
etc.,  could  be  passed  upon  of  course  as  usual,  and  would  be  in- 
cluded in  the  determination  of  the  grade  as  at  present. 

The  establishment  of  grades  upon  the  actual  percentage- 
volume  of  packed  wheat  in  the  standard  measure  would,  as  tiie 
writer's  investigations  show,  inure  to  the  mutual  advantage  of 
the  wheat  grower  and  of  the  miller.  The  wheat  raiser  would 
gain  by  eliminating  the  fluctuations  in  the  bushel-weight  as 
ascertained  by  the  tester,  due  not  merely  to  intentional  manipu- 
lation but  to  a  number  of  accidental  causes. 

When  we  consider  that  a  packed  bushel  of  wheat  contains  a 
million  or  more  grains,  the  importance  of  such  a  neglected 
feature  as  the  crease  comes  in  for  consideration.  The  writer 
finds  that  the  width  and  depth  of  the  crease  in  wheat,  as  well  as 
its  general  contour,  are  characteristic  and  specific  for  differ- 
ent pure-bred  races  of  wheat.  Plainly,  wheat  that  has  a  wlde» 
deep  crease  in  the  kernel  as  a  race  characteristic,  will  give  a 
lower  percentage  of  solid  grain  in  a  measure  than  a  race  with  a 
crease  almost  obliterated,  such  as  some  of  our  pure-bred  races 
possess.  Under  the  proposed  system  of  grading,  a  grower  of 
wheat  with  a  shallow  crease  would  receive  in  exact  accordance 
with  the  superiority  of  his  wheat  in  this  respect.  Wheat  with 
a  wide  deep  crease  would  fall  off  proportionately  in  the  grad- 
ing, as  also  would  shrivelled  wheat.  Indeed,  this  method  would 
give  an  exact  quantitative  measure  of  value  for  shrivelled 
wheat,  forcing  it  automatically,  by  its  lower  percentage  vol- 
ume, into  one  of  the  lower  grades. 

So  far  as  the  miller  is  concerned,  the  proposed  method  of 
percentage-volume  grading  would  be  to  his  advantaga    For 
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milling  purposes,  a  rather  short  plump  kernel  is  preferred 
to  a  long  slender  one,  on  account  of  the  greater  amount  of 
flour  in  proportion  to  the  bran  which  such  a  type  affords. 
Now  since,  as  has  been  shown,  the  short-kemelled  races — 

lenfifth 
i,  6.,  those  with  low  .f.,  ratios — ^give  the  highest  percent- 
age volume,  especially  when  taken  combined  with  the  feature 
of  large  average  kernel-volume,  it  is  clear  that  such  types  of 
wheat  would  inevitably  grade  highest  according  to  this  method. 
This  would  naturally  lead  to  the  growing  of  wheats  with  such 
a  kernel  to  the  exclusion  of  others,  which  certainly  would  be 
to  the  satisfaction  of  the  mills,  while  being  more  profitable  to 
the  growers.  So  far  as  the  matter  of  crease  is  concerned,  it 
has  already  been  stated  that  a  type  of  wheat  having  a  deep 
crease  is  undesirable  to  the  millers,  on  account  of  the  quantity 
of  "crease  dirt"  that  such  a  tj^e  of  berry  carries,  as  well  as 
because  of  the  fact  that  a  berry  with  a  deep  crease  gives  more 
bran  in  proportion  to  the  flour  than  does  one  with  a  shallow 
crease.  For  both  of  these  reasons  it  is  desirable  to  improve  the 
wheat  kernel  by  eliminating  the  crease  so  far  as  possible. 
Now,  in  the  proposed  method  of  grading  on  the  basis  of  per- 
centage volume  of  grain,  a  type  of  wheat  with  a  deep  or  broad 
crease  would  grade  lower  than  a  type  having  a  very  shallow 
crease,  because  of  the  greater  amount  of  waste  air  space  in  the 
measure.  Consequently,  such  a  method  of  grading  as  is  herein 
proposed  would  put  a  premium  on  securing  and  growing  types 
of  wheat  having  a  berry  with  a  minimum  amount  of  crease.  In 
the  writer's  experience  with  pure-bred  wheats  at  this  Experi- 
ment Station,  it  has  been  found. that  different  races  are  as 
distinctively  marked  in  respect  to  the  tj^e  of  the  crease  as  in 
respect  to  other  characters  of  the  grain  or  of  the  plant.  It  is 
therefore  perfectly  possible  to  separate  out  and  grow  for  proflt 
those  races  of  hard  winter  wheats  that  have  a  very  shallow 
crease,  and  to  maintain  them. 

In  the  practical  application  of  the  principle  of  grading  herein 
discussed,  the  element  of  cost  is  important.  The  cost  of  de- 
natured alcohol  at  wholesale  figures  is  forty-four  cents  per 
gallon  in  barrel  lots  f .  o.  b.  place  of  manufacture.  To  ascertain 
how  much  alcohol  is  used  in  this  grading  method,  i.  e.,  how 
much  is  lost  by  absorption  and  adhesion  to  grain,  a  test  was 
made  as  follows:   An  accurate  1000  cc.  graduate  was  packed 
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with  grain,  tamping  in  the  usual  manner.  Alcohol  was  then 
poured  in  until  it  barely  covered  the  top  of  the  grain,  the 
amount  of  the  alcohol  thus  used  being  carefully  measured 
This  amount,  of  course,  indicated  the  volume  of  air  expelled 
from  around  the  kernels — ^the  difference  from  1000  cc.  being 
the  percentage  volume  of  grain  contained  in  one  liter.  The 
alcohol  was  theft  carefully  drained  off,  and  the  amount  recover- 
able in  this  way  was  also  measured.  In  this  manner  the 
amount  of  alcohol  lost  in  the  operation  was  determined.  The 
following  table  gives  the  results  obtained  vdth  ten  different 
varieties  of  wheat  from  the  one-liter  sample  used  of  each : 

Table  V. 


No. 

(«.)of 
IMtcked 
arrain  in 
1000  cc. 

Vol 
(cc)of 
air  dis- 
placed 
by  al- 
cohol 

Percent- 
age vol. 
of  ffrain 
in  one 
liter. 

Vol 
-(cc.) 

of  alco- 
hol le- 

covered. 

VoL 
(cc) 
ofal- 
oobol 
lost. 

1790. 

848.6 
848.6 
820.8 
868.9 
868.4 
8830 
871.6 
896.3 
865.6 
841.6 

868.0 
866.4 
881.9 
860.6 
369.1 
858.7 
868.8 
861.0 
966  9 
374.8 

682.0 
684.6 
618.1 
689.4 
640.9 
641.3 
686.7 
689.0 
688.1 
6252 

274 
281 
281 
272 
277 
277 
274 
292 
28S 
277 

94  0 

1802 

1894 

844 
100  9 

1817. 

88  6 

1685 

82  1 

1645 

81  7 

1679. 

89.3 

1687 

69  0 

1644. 

81.9 

5192 

97.8 

Averages. . . 

860.8 

366.0 

634.0 

279 

87.0 

From  the  ten  cases  above,  it  appears  that  on  the  average 
about  87  cc,  or  0.087  liter,  of  alcohol  was  lost  in  each  opera- 
tion. A  liter  being  0.88  of  a  quart,  the  value  of  the  alcohol 
lost,  estimating  the  denatured  alcohol  at  forty-four  cents  per 
gallon  ($0.0968  per  liter) ,  the  average  cost  of  the  alcohol  lost  in 
each  operation  would  amount  to  $0,008,  or  8  mills.  This  would 
be  the  cost  where  95  per  cent  alcohol  was  used.  A  lower  grade 
of  alcohol  can  probably  be  used  with  equally  satisfactory  re- 
sults. Experiments  thus  far  made  indicate  that  probably  70 
per  cent  and  possibly  50  per  cent  alcohol  can  be  used. 

In  the  practical  use  of  commercial  alcohol  for  determining 
the  percentage  volume  of  wheat  in  the  proposed  system  of 
grading,  a  considerable  portion  of  the  alcohol  lost  in  the  grain 
could  be  recovered  by  distillation,  provided  it  was  found  upon 
experiment  to  be  profitable,  as  it  probably  would  be  in  an  im- 
portant grain  center,  where  a  large  aggregate  volume  of  grad- 
ing is  done  daily. 
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studies  on  Hog  Cholera  and  Preventiye 
Treatment 

By 

Walter  E.  King,  Bacteriologist, 

ROBT.  H.  Wilson,  Assistant  in  Bacteriology. 


INTRODUCTION. 

In  November,  1908,  this  department  issued  Bulletin  No.  157, 
entitled  "Studies  on  Hog  Cholera  and  Preventive  Treatment,'' 
in  which  were  presented  the  results  of  the  preliminary  experi- 
ments relative  to  the  work  on  "horse  serum  hog  cholera  vac- 
cine/' Since  that  time  the  work  has  been  actively  continued. 
The  present  bulletin,  therefore,  is  written  as  a  continuation  iof 
Bulletin  No.  157,  and  while  it  presents  the  results  obtained  to 
date  at  this  Station,  it  does  not  conclude  the  investigation. 

Attempts  are  being  made  in  this  work  to  approach  the  prob- 
lem from  the  following  points  of  view : 

1.  The  nature  of  the  causative  factor  of  hog  cholera. 

2.  Methods  of  immunization. 

While  the  use  of  hyperimmune  serum,  as  developed  accord- 
ing to  the  method  employed  by  the  Bureau  of  Animal  Industry, 
United  States  Department  of  Agriculture,  has  passed  far  be- 
yond the  experimental  stage  and  is,  without  doubt,  of  great 
value  to  the  hog  industry,  yet  the  method  has  one  serious  dis- 
advantage relative  to  the  cost  involved  in  its  preparation.  The 
success  of  the  hyperimmune  serum,  as  an  effective  preventive 
agent,  is  quite  universally  recognized,  but  the  actual  prepara- 
tion and  distribution  of  the  product,  at  present,  largely  depends 
upon  the  various  state  legislatures.  This  fact  alone  tends  to 
justify  the  statement  that  the  cost  of  its  preparation  may  seri- 
ously curtail  its  usefulness.  Therefore,  aside  from  the  scientific 
interest  pertaining  to  the  subject  of  hog  cholera,  it  appears 
important  that  aggressive  work  should  be  conducted  relative 
to  the  many  unsolved  problems  involved  in  the  study  of  this 
animal  disease.  All  honest  and  intelligent  experimental  ef- 
forts toward  the  solution  of  some  of  these  problems  constantly 
add  to  the  knowledge  the  disease,  and  are  therefore  of  practical 
significance. 

(139) 
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PART  I. 

PREVENTIVE  TREATMENT. 

As  a  brief  review  of  the  experiments  outlined  in  the  pre- 
ceding bulletin,  it  may  be  stated  that  the  character  of  this  ex- 
perimental work  involved  the  use  of  the  horse  as  a  medium  in 
attempting  to  modify  hog  cholera  virus.  It  was  found  that  a 
short  residence  (one  to  two  hours)  of  the  hog  cholera  serum  in 
the  circulatory  sjrstem  of  the  horse  did  not  change  the  in- 
fectious nature  of  the  material.  Indeed,  experiments  tended 
to  show  that  a  residence  of  one  or  two  hours  in  the  blood  system 
of  the  horse  sometimes  apparently  raised  the  virulence  of  the 
hog  cholera  virus.  Experiments  also  showed  that  during  a 
residence  of  from  four  to  twenty-four  hours  in  the  circulatory 
system  of  the  horse  there  was  a  gradual  modification  of  the 
hog  cholera  virus,  the  degree  of  modification  depending,  as  a 
rule,  upon  the  number  of  hours  allowed  for  this  purpose. 
Theoretically,  therefore,  there  seemed  to  be  some  period  of 
time,  at  some  point  between  four  and  twenty-four  hours  after 
the  horse  had  received  the  intravenous  injection  of  hog  cholera 
serum,  when  the  virus  was  sufficiently  modified  to  act  as  a 
vaccine  under  all  conditions,  yet  was  devoid  of  infectious 
qualities. 

The  constant  aim  of  the  work  for  the  past  two  years  has 
been  to  collect  experimental  evidence  bearing  upon  the  above 
points.  The  chief  emphasis  has  been  placed  upon  the  following 
attempted  determinations: 

1.  To  attempt  to  find  after  what  period  of  residence  in  the 
horse,  hog  cholera  virus  becomes  so  modified  (if  a  modification 
really  does  take  place)  that  it  may  become  an  efficient  vac- 
cine. In  other  words,  at  what  time  after  the  horse  is  injected 
intravenously  with  approximately  150  cc.  of  hog  cholera  serum 
will  the  resulting  horse  serum  produce  a  mild  reaction,  when 
injected  subcutaneously  into  healthy  hogs,  and  actively  im- 
munize, and  at  the  same  time  possess  no  dangerous  infectious 
qualities. 

2.  To  study  the  possible  virulent  qualities  of  the  horse  serum 
drawn  a  relatively  short  time  after  the  intravenous  injection 
of  the  horse  with  hog  cholera  serum,  and  to  determine,  if  pos- 
sible, whether  or  not  the  horse  serum  virus  is  a  mere  dilution 
of  hog  cholera  virus  in  normal  horse  blood. 
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3.  To  determine  the  approximate  minimal  fatal  dose  of 
highly  virulent  hog  cholera  serum. 

4.  To  study  the  possibilities  of  hyperimmunizing  hogs  and 
producing  protective  hyperimmune  serum  by  injecting  im- 
mune hogs  with  the  horse  serum  virus. 

While  no  absolutely  definite  conclusions  have  been  reached, 
on  the  whole  the  results  have  been  fairly  constant.  It  is 
recognized  that  some  of  the  results  lead  us  deeper  into  the 
jungle  of  unsolved  questions,  and  emphasize  the  importance 
of  repeated  and  persistent  study  in  fields  in  which  animal  ex- 
perimentation is  involved.  The  statement  should  be  made  that 
one-half-hour  horse  serum  virus  (blood  drawn  one-half  hour 
after  the  animal  has  received  intravenously  approximately  150 
cc.  of  hog  cholera  serum)  may  not  produce  virulent  hog  cholera 
under  all  conditions  when  injected  into  healthy  hogs.  Neither 
may  24-hour  horse  serum  (drawn  twenty-four  hours  after  the 
animal  has  received  an  injection  of  hog  cholera  virus)  never 
produce  s3miptoms  of  cholera.  'The  great  variation  among  in- 
dividual animals,  and  the  peculiar  idios3mcracies  of  swine 
particularly,  preclude  such  a  definite  assertion."^  It  must  be 
explained,  therefore,  that  in  attempting  to  verify  the  following 
experiments,  one  test  or  a  few  tests  will  not  suffice.  By  those 
who  are  familiar  with  work  of  this  nature,  it  is  readily  under- 
stood that  only  the  average  of  a  series  of  duplicate  tests  pre- 
sents reliable  results. 

Field  Work  in  1908  with  Experimental  Horse  Serum  Hog  Cholera 

Vaccine, 

The  results  of  a  comparatively  large  number  of  duplicate 
tests  at  the  Station  indicate  that  24-hour  horse  serum^  pos- 
sessed no  pathogenic  properties  when  injected  into  healthy 
hogs,  but  that  it  did  contain  enough  modified  hog  cholera  virus 
to  impart  to  them  some  protective  qualities.  Moreover,  it  was 
quite  definitely  determined  that  the  24-hour  horse  serum  was 
modified  to  such  a  degree  that  its  vaccinating  properties  were 
not  constant.  A  general  survey  of  the  whole  work  indicated 
that  24-hour  horse  serum  might  be  used  in  the  field  with 

1.  Bulletin  157,  Kansas  State  Eperiment  Station,  "Studies  on  Hog  Cholera  and  Pre- 
ventive Treatment,"  page  68. 

2.  Hereafter  in  this  bulletin  the  expression  "'^-hour  horse  serum,"  "6-hour  horse 
serum,"  or  "24-hour  horse  serum,"  will  be  used  to  indicate  that  the  serum  in  question 
was  obtained  from  the  horse  Vz  hour,  6  hours  or  24  hours  after  the  animal  had  been  in- 
jected intravenously  with  hog  cbolerB  serum.  ^  ^ 

safety,  but  considerable  doubt  was  entertained  concemmg  its 
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activity.  The  average  of  the  results  at  the  Station  showed 
that  the  24-hour  horse  serum  might  successfully  protect  from 
15  to  45  per  cent  of  the  treated  hogs.  However,  this  was  a 
point  to  be  determined  in  the  field,  and  accordingly  several 
herds  of  healthy  hogs  were  experimentally  vaccinated  with 
the  serum. 

The  first  test  was  made  in  a  herd  of  485  hogs,  at  Brough- 
ton,  Kan.  In  this  herd  222  pigs,  weighing  approximately  50 
pounds  each,  received,  individually,  from  one  to  five  cubic 
centimeters  of  fresh  24-hour  horse  serum,  88  received  Bru- 
schettini's  vaccine,  and  175  were  unvaccinated.  Three  weeks 
later  this  herd  contracted  hog  cholera  through  natural  ex- 
posure from  an  adjacent  farm,  and  at  the  completion  of  the 
outbreak  the  following  animals  were  dead:  Ck)llege  vacci- 
nated, 73.4  per  cent;  Bruschettini's  vaccine  treatment,  90  per 
cent;  unvaccinated,  89.1  per  cent.  Thus  it  was  found  that  in 
222  susceptible  pigs,  situated  under  practical  conditions,  the 
24-hour  horse  serum  did  not  produce  even  a  noticable  re- 
action, and  furthermore  that  the  serum  was  modified  to  such 
a  degree  that  it  protected  only  15.7  per  cent  of  the  treated 
animals. 

Three  other  small  herds  of  hogs  in  the  field,  consisting  of  a 
total  of  28  treated  animals,  were  vaccinated  with  24-hour 
horse  serum.  In  none  of  these  herds  did  the  vaccinated  hogs 
show  any  disturbances,  nor  did  any  of  ihe  three  herds  subse- 
quently become  infected  through  natural  exposure. 

In  the  meantime,  a  number  of  preliminary  duplicate  tests 
with  6-hour  horse  serum,  both  at  the  Station  and  in  the  field, 
appeared  to  warrant  an  extensive  field  test  wiUi  that  experi- 
mental product.  In  these  preliminary  tests,  including  the 
treatment  of  a  relatively  large  number  of  hogs  with  small  sub- 
cutaneous injections  of  6-hour  horse  serum,  no  serious  sytnp- 
toms  had  occurred.  It  was  also  made  evident  by  careful  test 
that  the  protection  following  the  use  of  the  6-hour  horse  serum 
was  greater  than  that  resulting  from  the  treatment  with  the 
24-hour  horse  serum.  During  the  months  of  October,  Novem< 
ber  and  December  of  1908,  and  January  of  1909,  a  total  of  809 
hogs  in  twenty-eight  different  herds^  were  experimentally 

8.  Foar  other  herds,  making  a  total  of  82,  were  treated  dnrlnff  the  eprinir  nooths  of 
1909  with  6-hoar  horM  senim.  From  theae  no  reports  were  sent  in.  and  thcj  are  there- 
fore not  Inehided. 
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vaccinated  with  6-hour  horse  serum  vaccine.^  These  hogs, 
with  the  exception  of  one  herd,  were  situated  on  various  farms 
in  the  state  of  Kansas.  Among  the  twenty-eight  treated  herds 
612  unvaccinated,  or  control  hogs  were  kept  in  the  same  en- 
closures with  the  vaccinated  animals,  under  the  same  practical 
conditions. 

In  eleven  of  these  herds  the  experimental  6-hour  horse  serum 
vaccine  appeared  to  produce  the  disease.  In  some  of  these  in- 
stances the  disease  appeared  in  a  mild  form,  but  in  several 

Table  1.    Results  of  field  work  with  experimental  horse  serum  vaccine. 
Twenty-four-hour  horse  serum. 


HSSD. 

No.  vac- 
cinated. 

Mo.yac- 

einated 

died. 

Percent 

No.«f 
controla. 

Naof 

oontrola 

died. 

Percent. 

1 ;.. 

222 

4 

14 

7 

163 

78.44 

175 
6 
9 
5 

157 

89.71 

2 

8 

4 

Total 

247 

168 

65.99 

195 

157 

80.51 

Six-hour  horse  serum. 


5 

125 

4 

32 

55 

25 

48 

18 

18 

6 

28 

77 

89 

10 

13 

9 

3 

6 

25 

27 

41 

13 

7 

11 

42 

11 

66 

20 

36 

25 

20.00 

140 

3 

26 

9 

2 

2 

54 

3 

2 

36 

49 

10 

10 

1 

7 

3 

126 

90 

6 

7::..;::;::;::... 

18 
7 
2 

25 
9 

12 
5 
4 

17 
3 
8 
8 
1 

40.62 
13.63 

8 

58.13 
50 

66.66 
88.33 
14.28 
22.07 

7.69 
80 

61.53 
11.11 

1 
3 
0 
0 

15 
3 
2 
7 

14 
4 
4 
1 
0 

3  84 

8 

33  33 

9... 

0 

10 

0 

11 

27.77 

12 

100 

13 

100 

14 

19.44 

15 

16 

28.57 
40 

17 

40 

18 

100 

19 

0 

20 

21 

6 
16 

2 
41 

9 

4 

100 
64 
7.40 

100 
69.28 
57.14 

22 

20 

47 
6 
9 
7 

11 
3 

11 

20 
0 
0 
7 
6 

100 

23     

^ 

0 
0 

26 

77.77 

26 

71.42 

27 

28 

3 
10 
29 

1 

7  14 
90.98 
44.64 

5 

0 
11 

0 

29 

100 

30 

81 

82 

6 
2 

0 

0 

Totals 

809 

260 

32.13 

478 

228 

46.65 

4.  The  Station  ia  Indebted  to  Dr.  Charles  T.  MeCUntoek.  director  of  the  Department 
of  Experimental  Hedidne,  Parke,  Davis  A  Ca,  Detroit,  Mich.,  for  the  aervfeca  of  his 
aaaiatan^  Dr.  B.  L.  Rhea,  in  conduetins  the  greater  part  of  this  field  work. 


Digitized  by  VjOOQIC 


144  Bacteriological  Department.  [Bull.  171 

cases  acute  hog  cholera  was  present.  Of  the  total  of  vaccinated 
hogs,  7.1  per  cent  gave  evidence  of  contracting  the  disease  from 
the  vaccine.  With  almost  no  exceptions  these  were  corn-fed 
hogs  which  were  being  fattened  for  market.  Nearly  all  of 
these  eleven  herds  were  in  close  proxunity  to  hog  cholera  at  the 
time  of  vaccination ;  therefore,  in  some  cases  the  disease  may 
have  gained  access  before  the  time  of  treatment 

Herd  No.  28  (table  1),  situated  at  Jewell  City,  Kan.,  was 
vaccinated  on  November  27,  1908.  Forty-two  of  these  hogs, 
weighing  about  225  pounds  per  head,  each  received  subcuta- 
neously  5%  cc.  of  6-hour  horse  serum  vaccine.  In  this  herd  a 
severe  reaction  followed  the  vaccination.  Six  of  the  treated 
animals  became  sick  and  3  died  in  a  few  days.  The  other  3  re- 
covered soon  after  the  signs  of  the  reaction  disappeared  in  the 
remainder  of  the  42  treated  animals.  During  thip  experiment, 
hog  cholera  existed  in  a  neighboring  herd  within  about  sixty 
rods  of  the  vaccinated  animals ;  however,  after  the  results  from 
vaccination  had  occurred  these  hogs  remained  in  a  normal  con- 
dition. 

In  eleven  of  the  total  twenty-eight  herds,  hog  cholera  ap- 
parently existed  at  the  time  of  vaccination.  In  these  herds  an 
average  of  about  45  per  cent  of  the  vaccinated  hogs  and  from 
55  to  60  per  cent  of  the  unvaccinated  animals  ultimately  suc- 
cumbed to  the  disease. 

In  herd  ^o.  14  (table  1),  located  at  Frankfort,  Kan.,  28 
hogs  were  vaccinated  and  36  were  left  as  controls.  A  few  ani- 
mals in  this  herd  were  evidently  infected  by  natural  exposure 
previous  to  the  time  of  vaccination.  On  the  next  day  after 
treatment  2  of  the  vaccinated  hogs  were  sick,  and  on  the  second 
day  aft«,  2  additional  animals.  On  the  third  day  these  4 
treated  animals  died.  The  injection  of  the  modified  virus  evi- 
dently accelerated  the  disease.  None  of  the  remaining  24 
vaccinated  hogs  showed  the  slightest  ssnnptoms  of  the  disease, 
while  over  50  per  cent  of  the  38  controls  became  sick  and  19.4 
per  cent  died.  Lung  lesions  were  prominent  in  this  outbreak. 
Excluding  the  4  animals  which  died  three  days  after  vaccina- 
tion, 100  per  cent  of  the  treated  animals  in  this  herd  were 
saved.  These  hogs  were  lightly  fed,  before  and  after  vaccina- 
tion, on  alfalfa  and  small  rations  of  com. 

On  December  24,  1908,  herd  No.  5  (table  1),  consisting  of 
268  hogs,  near  Dallas,  Tex.,  showed  symptoms  of  hog  cholera. 
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During  that  morning  3  of  the  animals  died,  and  on  that  day  125 
of  the  hogs  were  vaccinated  with  6-hour  horse  serum  vaccine ; 
and  140  were  left  unvaccinated.  By  the  latter  part  of  Feb- 
ruary, 1909,  the  disease  had  evidently  run  its  course  and  only 
20  per  cent  of  the  vaccinated  hogs  were  dead,  while  90  per 
cent  of  the  controls  had  succumbed.  This  herd  was  fed  hotel 
refuse  and  received  very  little  heavy  diet  such  as  com. 

Table  1  shows  the  average  result  of  the  field  work  with  the 
experimental  horse  serum  vaccine.  By  placing  all  of  the  re- 
sults together,  without  regard  to  different  conditions  to  which 
references  are  made  above,  it  is  found  that  death  from  hog 
cholera  resulted  in  32.13  per  cent  of  the  hogs  treated  with  6- 
hour  horse  serum  vaccine,  as  against  46.65  per  cent  of  the  un- 
treated animals. 

From  an  experimental  point  of  view  these  results  were  satis- 
factory. Individual  losses  occurred  to  a  few  of  the  farmers 
who  volunteered  to  cooperate  with  the  Station  in  this  work. 
Such  losses  have  occurred  because  the  Station  had  insuflUcient 
means  to  carry  on  extensive  experiments  in  this  line  of  in- 
vestigation without  such  cooperation.  Perhaps  it  should  be 
stated  that  those  farmers  who  cooperated  in  this  work  did  so 
voluntarily  after  clearly  understanding  the  nature  of  the  in- 
vestigation. While  no  specific  contract  existed  between  the 
individual  farmer  and  the  Station,  yet  in  every  single  instance 
the  experimental  nature  of  the  work  was  carefully  explained 
through  correspondence.  By  virtue  of  this,  the  Station  was 
not  responsible,  either  legally  or  morally,  for  individual  losses 
which  occurred. 

The  results  of  the  field  work  may  be  summed  up  as  follows: 

1.  Twenty-four-hour  horse  serum  vaccine,  as  a  rule,  is 
lacking  in  infectious  properties.  It  possesses  some  degree  of 
protection,  which,  however,  is  not  constant  enough  to  prove  of 
practical  use. 

2.  Six-hour  horse  serum  vaccine,  under  certain  conditions 
relative  to  character  of  diet  and  individual  variation  in  sus- 
ceptibility, produces  virulent  hog  cholera.  It  possesses  greater 
protective  properties  than  does  24-hour  horse  serum  vaccine, 
and  under  certain  conditions  in  the  field  it  may  save  from  80  to 
100  per  cent  of  the  treated  animals.  For  practical  field  condi- 
tions, however,  6-hour  horse  serum  vaccine  is  not  safe. 

3.  After  the  intravenous  injection  of  the  horse  with  ap- 
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proximately  150  cc.  of  hog  cholera  virus,  the  virus  becomes 
modified,  the  degree  of  modification  depending,  as  a  rule,  upon 
the  period  of  residence  in  the  circulatory  system  of  the  horse. 
It  is  possible  that  10-  to  15-hour  horse  serum  vaccine  might 
possess  both  safety  and  activity. 

4.  In  addition  to  the  observations  of  various  investigators 
and  the  common  knowledge  of  those  familiar  with  hog  cholera, 
a  general  survey  of  the  field  work  in  this  investigation  em- 
phasizes the  following  conditions : 

(a)  That  the  character  of  the  diet  has  great  influence  upon 
susceptibility  and  resistance  to  the  disease,  heavy  rations  of 
com  being  especially  conducive  to  increased  susceptibility. 

(6)  That,  while  hog  cholera  is  usually  much  more  prevalent 
during  the  fall  months,  hogs  are  easily  infected  in  cold  weather. 

(c)  That  lung  lesions  may  predominate  in  one  locality  while 
intestinal  lesions  may  be  more  frequent  in  another  locality. 

Infectious  Nature  of  Horse  Serum  Virus. 
After  the  completion  of  the  field  work,  it  became  necessary  to 
study  the  nature  of  the  hog  cholera  virus  when  modified  by 
passage  through  the  horse.  Among  the  points  which  de- 
manded careful  attention,  it  was  especially  important  that 
some  tests  should  be  made  to  show  whether  or  not  horse  serum 
virus  is  a  mere  dilution  of  hog  cholera  virus.  Therefore,  in 
addition  to  the  suggestive  data  already  obtained,  it  was  deemed 
advisable  to  make  a  series  of  duplicate  tests  upon  susceptible 
pigs  with  horse  serum  drawn  at  varying  intervals  of  time, 
representing  short  periods  of  residence  after  the  horse  had 
received  intravenous  injections  of  hog  cholera  virus.  To  de- 
termine, if  possible,  whether  or  not  the  horse  serum  so  treated 
represented  nothing  other  than  a  dilution  of  the  original  hog 
cholera  serum,  plans  were  made  to  estimate  the  approximate 
dilution  of  virus  when  the  virus  was  injected  into  the  blood  of 
the  living  horse,  and  compare  the  results  from  the  injection  of 
this  into  susceptible  pigs,  with  the  corresponding  dilutions  of 
the  same  virus  in  normal  horse  blood  outside  the  body  of  the 
animal,  and  in  sterile  physiological  salt  solution.  It  was  neces- 
sary, therefore,  in  each  series  of  experiments  to  weigh  the 
horse  under  observation,  estimate  the  amount  of  blood  con- 
tained in  his  body  by  taking  one-fifteenth  of  the  body  weight, 
then  compute  the  dilution  of  hog  cholera  serum  in  vivo,  when 
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PilTB  L    Exterior  of  experimental  stable,  includinflr  hos  wards,  laboratory  and 

horse  stable. 

the  animal  received  intravenously  a  given  quantity  of  the  virus. 
When  the  blood  was  drawn  from  the  horse  from  a  half  to 
nine  hours  after  injection  of  the  virus,  the  resulting  horse 
iserum  was  tested  as  to  its  infectious  properties  by  injecting  it 
subcutaneously  into  susceptible  pigs,  using  an  approximate 
dosage  of  4  cc.  of  the  horse  serum  per  50  lbs.  weight.  In  each 
case,  duplicate  tests  were  made  of  the  same  lot  of  hog  cholera 
virus,  placed  in  the  same  dilution  in  normal,  citrated  or  de- 
iibrinated  horse  blood,  immediately  after  drawing,  and  in  ster- 


Plats  II.    Interior  of  experimental  stable,  showing  hosr  wards. 
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ile,  physiological  salt  solution,  both  being  kept  at  a  tempera- 
ture of  ST"  C.  for  a  period  of  time  exactly  corresponding  to 
that  which  represented  the  residence  of  the  hog  cholera  virus 
in  the  circulatory  system  of  the  horse.  At  the  expiration  of 
this  period  the  dilutions  were  injected  subcutaneously  into  sus- 
ceptible pigs,  using  the  same  rate  of  dosage  as  in  the  case  of  the 
horse  serum  virus.  In  this  work  all  possible  precautions  were 
exercised  to  avoid  extraneous  exposure.  At  first,  the  tempera- 
tures of  the  experimental  animals  were  taken  from  the  date  of 
inoculation  until  the  test  was  completed.  Later  this  was  dis- 
continued, owing  to  possibilities  of  exposure  to  the  disease. 


Platb  JII.    Interior  of  experimental  stable,  showing  laboratory  eontainins 
bieeding  table  and  horse  stocks. 

These  test  pigs  were  kept  in  the  experimental  stable,  each  in- 
dividual test,  of  course,  being  confined  to  an  isolated  pen.  The 
pens  were  provided  with  cement  floors  and  with  continuous 
three-foot  sides  of  cement.  Each  pen  was  separated  from  the 
others  by  a  two-foot  cement  alley.  As  a  control  for  these  ex- 
periments, a  susceptible  50-pound  pig  was  kept  in  one  of  these 
pens  for  several  months  during  the  investigation.  This  animal 
remained  in  a  normal  condition  throughout.  In  order  to  de- 
termine whether  or  not  it  was  protected  by  natural  immunity, 
it  was  later  placed  with  hogs  suffering  from  hog  cholera.    This 
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control  animal  promptly  showed  symptoms  of  the  disease  about 
five  days  after  the  natural  exposure,  thus  indicating  that  it 
successfully  served  as  a  check  during  the  experimental  work. 


Table  2.    Treatment  of  experimental  horses. 

No. 

No.  of 
bleedinff. 

Wt. 
lbs. 

Data  of 
injection. 

Anjt. 

of 
virus 
in- 
jected. 

Approxi- 
mate 
dilution 
of  virua. 

Period  of  residence 
of  virus  in  horse. 

Lot 

of 

aerum. 

1 
1 
7 

Istbleedinsr... 
l8t      ••       W. 

8d     •;     ... 

2d        ••       ... 
4th      ••       ... 
l8t      ••        ... 
8d        ••        ... 
6th      •• 

1.160 
1.150 

800 
1.160 

800 
1.150 
1.050 

800 
1.150 

12     30. 1909 
2     12.  1910 
8     14.  IfoO 
4       4.  1910 
6       7.  19l«> 
6     20.1910 

6  24.  1910 

7  2.  1910 
7     11.  1910 

100  cc. 

100 

100 

120 

140 

40 
130 

20 

20 

Ito  844.7... 
Ito   344.7... 
Ito   240.8... 
Ito  287.2.. 
Ito   171.7... 
Ito   861.8... 
Ito   244.2... 

Ito  1202 

1  to  1724 

V^.1.2.3Hand9hour8. 

Va  and  9  hours 

Hhour 

A 
B 

c 

1 

Vi  hour 

D 

2 

1 

Hhour 

%  and  1  hour 

E 
F 

ft 

Mj  hour 

(; 

7 

V2  hour 

H 

1 

Hhour 

I 

Plate  IV.    Bleeding  hog  aseptically  ft  cm  carotid  artery, 
inclined  at  an  angle  of  about  45  degrees. 


Bleeding  toble 
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Table  2  shows  the  general  data  relative  to  the  use  of  the  ex- 
perimental horses.  Three  animals  were  used,  a  detailed  de- 
scription of  which  will  be  found  in  part  II  of  this  bulletin.  In 
each  case  the  horse  was  injected  aseptically  in  the  jugular  vein 
with  hog  cholera  serum.  The  hog  cholera  serum  was  drawn 
aseptically  from  the  carotid  artery  of  moribund  hogs  at  some 
period  less  than  fifteen  days  after  subcutaneous  inoculation 
with  hog  cholera  virus,  and  was  examined  bacteriologically 
before  being  injected  into  the  horse.  After  the  intervals  of 
time  indicated  in  table  2,  a  quantity  of  blood  was  drawn  asep- 
tically  from  the  jugular  vein  of  the  horse  into  sterile  cylinders, 
and  the  serum  allowed  to  separate  from  the  clot. 

Table  2a.    Tests  of  horse  serom  virus. 


Mateeial  Injsctbd. 


A.    ^hr. 
A.         do. 


A. 
B. 
B. 
C. 
C. 
D. 
D. 
E. 
F. 
G. 
G. 
H. 
L 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
da 
da 
da 
da 
da 


horaeaemiD. 
da 
da 
da 
da 
da 
da 
do. 
da 
da 
do. 
do. 
da 
da 
da 


A.  1-hr.  hone  seram. . . 
A.         da  da 

A.  2-hr.  hone  Mrom... 

B.  da  do. 

A.  3H-hr.  horae  Berum. 

A.  9-hr.  horae  semin . . . 

B.  da  da 


Hoff. 

Dmta 
1910. 

tion 
period. 

61 
64 

4 
11 

6d^ 

71 

8 

72 
78 

19 
19 

6d^ 

87 

18 

6    •• 

88 

18 

6    •• 

94 

6 

7    •* 

96 

6 

6    •• 

107 

11 

8    '• 

109 

21 

6    •• 

126 

18 

10  •• 

188 

28 

12    •• 

13^ 

2 

14    •• 

187 
68 

11 

4 

6d»^ 

110 

21 

^-TT 

62 
66 

4 
20 

7  day*. 
8^^ 

67 

8 

12  days. 

66 
74 

20 
19 

8daya. 

Bemilta. 


Died  in  11  dura.. 

••       11^^  

Beoodned  weU.   ImmmieL 

Died  in  IS  days. 

Severe  reaction,  rec. 
Diedinl8daya 

••       27^^  

"       18    •'   

••       18    ••    

••       18    ••   

9    ••   ., 

19    ••   

••       19    ••   

Chronic  case.  rec. 
No  reaction. 

Severe  reaction,  rac. 
Died  in  10  daya. 


Severe  reaction,  ree. 
Died  in  24  days. 


Died  in  20  daya.. . 


Died  in  88  days.. . 
••       24^^  ... 


Antopay. 


Typical 


Typical 
da      da 
da       da 

SU^tleriOM 
da      da 

Typical 
da       da 
da       da 


Slight 

Typical 
Fair 


TKPical 
da      da 


Table  2a  shows  results  of  the  tests  relative  to  the  virulent 
properties  of  the  horse  serum,  drawn  at  varying  intervals  after 
the  injection  of  the  animal  with  hog  cholera  virus.  A  dosage  of 
approximately  4  cc.  per  50  lbs.  weight  was  used  in  all  cases. 
Corresponding  series  of  tests  representing  the  same  lot  of 
original  hog  cholera  virus  are  characterized  by  the  same  letters, 
A,  B,  C,  etc.  The  temperature  curves  of  hogs  64,  71,  72,  73, 
87  and  88  are  shown  in  tables  4  to  9.  With  the  exception  of  hog 
71,  which  was  evidently  naturally  immune,  the  thermal  r^u:- 
tions,  as  a  rule,  indicated  temperatures  which  are  characteristic 
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of  the  acute  form  of  hog  cholera.  The  temperature  curves  of 
hogs  62, 63,  65,  66, 67  and  74,  injected  respectively  with  2-hour, 
1-hour,  9-hour,  2-hour,  Si^-hour  and  9-hour  horse  serum  are 
shown  in  appended  tables  10-15.  A  general  comparison  of 
these  temperature  reactions  with  those  of  hogs  64,  71,  72, 
73,  87  and  88  indicates  the  presence  of  the  chronic  form  of  the 
disease. 

Hog  61,  Duroc-Jersey  shoat,  weight  40  pounds,  was  inoculated  subcu- 
taneously  January  4  with  4  cc.  of  ^-hour  horse  serum,  the  horse  having 
received  100  cc.  of  hog  cholera  virus.  The  hog  appeared  normal  until  the 
seventh  day,  when  it  became  "off  feed"  and  symptoms  of  cholera  ap- 
peared. Vomition,  dyspnoea,  cough,  inflamed  rectum,  swollen  eyelids, 
emaciation,  etc.,  showed  in  the  train  of  symptoms.  The  temperature 
fluctuated  considerably,  its  highest  point  being  106.5  degrees  on  the 
twelfth  day.  On  this  day,  the  animal  being  moribund,  it  was  anaesthe- 
tized and  bled  aseptically  from  carotid  artery.  About  400  cc.  of  blood 
were  obtained. 

Post  mortem.  Cutaneous  lesions  not  pronounced.  Intestines  showed 
inflammation  throughout  their  length.  A  few  small  ulcers  were  visible 
around  the  ileocaecal  valve.  Mesenteric  glands  enlarged  and  hemorrhagic. 
Spleen  enlarged  and  pulpy.  Kidneys  covered  with  petechiie.  Lungs  hepa- 
tized  at  apices  and  showing  congestion  in  other  parts.  Auricles  hemorrha- 
gic   Mediastinal  glands  congested. 

Hog  64.  This  pig  was  a  male  Duroc-Jersey,  wei^t  about  40  pounds. 
On  January  11  was  inoculated  subcutaneously  with  4  cc.  of  ^-hour  horse 
serum,  the  same  amount  and  quality  of  virus  with  which  hog  61  was 
inoculated,  in  order  to  confirm  the  results  obtained  in  test  61.  On  the 
sixth  day  there  was  rise  in  temperature,  which  reached  its  maximum  on 
the  eighth  day.  On  this  day  the  pig  became  ''off  feed."  Other  s3inptoms, 
such  as  coughing,  dyspnoea,  constipation,  later  diarrhea,  and  great  ema- 
ciation, were  evident.  The  pig,  being  moribund  the  twelfth  day,  was  bled 
and  post-mortemed. 

Post  moTTtenu  A  few  blood  extravasations  were  visible  under  skin  in 
v&itral  portion  of  body.  Considerable  enteritis  was  present,  but  no  ulcers 
in  vicinity  of  ileocaecal  valve.  Spleen  enlarged  and  covered  with  reddish 
velvety  villL  Kidneys  apparently  normal.  Several  small  necrotic  ulcers 
in  liver.  Mesenteric  glands  enlarged  and  hemorrhagic.  Lungs  showed  the 
results  of  a  severe  inflammation.  Some  parts  congested,  other  hepatized. 
Hepatization  was  more  pronounced  in  the  apices.  Mediastinal  glands  en- 
larged and  almost  black  in  color.    Auricles  hemorrhagic. 

Hog  72,  weight  50  pounds,  was  inoculated  subcutaneously  February  19 
with  4  cc.  of  ^-hour  horse  serum.  On  the  ninth  day  after  inoculation 
hyperthermia  was  noticed,  and  on  the  succeeding  day  the  temperature 
rose  to  107.4  degrees  and  remained  near  this  point  until  the  last.  Symp- 
toms of  cholera  were  conspicuous  on  the  tenth  day.  Accompanying  the 
hi|^  temperature  were  anorexia,  diarrhea,  dyspnoea,  sticky  mucous  dis- 
charge from  eyes,  and  inflamed  rectum.    The  animal  rapidly  Glaciated. 
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A  decubitus  was  maintained  after  the  tenth  day,  the  animal  occasionally 
getting  up  to  drink.  On  the  twelfth  day,  the  hog  being  moribund,  it  was 
anesthetized  and  bled  aseptically  from  the  right  carotid  artery. 

Post  mortem.  No  cutaneous  lesions  were  visible.  An  enteritis  was 
present  in  the  large  intestine,  especially  the  caecum.  A  few  small  un- 
developed ulcers  were  present  near  the  ileocecal  valve.  The  mesenteric 
glands  were  slightly  involved,  being  somewhat  enlarged  and  hemorrhagic. 
Spleen  practically  normal  in  size,  but  very  dark  and  friable.  Liver  ap- 
parently normal.*  Kidneys  showed  numerous  petechiae  on  surface,  and  on 
section  showed  congestion  and  inflammation.  Lungs  normal,  both  in  color 
and  consistency.  Auricles  of  heart  thickly  studded  with  hemorrhagic 
foci.    Mediastinal  lymph  glands  black  in  color  and  very  hard. 

Hog  87,  a  30-pound  Yorkshire,  received,  March  18,  4  cc.  of  %-hour 
horse  eerum.  Several  days  after  receiving  this  serum,  hyperthermia 
was  noticeable,  followed  later  by  anorexia,  dyspnoea,  and  vomition.  These 
symptoms  became  intensified.  The  animal,  being  moribund  on  the  four- 
teenth day,  was  bled  ismd  post-mortemed. 

Post  mortem.  Pinkish  discoloration  of  the  skin  on  abdomen.  A  slight 
inflammatory  condition  in  vicinity  of  ileocaecal  valve,  remainder  of  intes- 
tines practically  normal.  Lungs  showed  hemorrhagic  foci;  some  hepatiza- 
tion at  apices.    Auricles  of  heart  ecchymotic. 

Hog  88,  a  Duroc-Jersey,  weight  45  pounds,  injected  March  18  with 
4  cc.  of  %-hour  horse  serum.  Five  days  after  injection  hog  refused  feed 
and  showed  symptoms  of  cholera.    Bled  and  post-mortemed  April  14. 

Post  mortem.  Cutaneous  lesions  absent.  Intestines  inflamed;  a  button- 
shaped  ulcer  in  caecum.  Kidneys  petechiated.  Liver  normal.  Spleen  en- 
larged and  hemorrhagic.  Lungs  hepatized  and  ecchymotic.  Mediastinal 
glands  enlarged  and  dark  in  color. 

Hog  94,  Duroc-Jersey,  weight  40  pounds,  received  4  cc.  of  %-hour 
horse  serum.  Animal  refused  feed  on  ninth  day  and  showed*  a  general 
depression.    Gradually  became  worse,  and  died  April  18. 

Post  mortem.  Skin  on  abdomen  and  inner  side  of  thighs  reddish  purple 
in  color.  Considerable  enteritis  present.  A  few  small  ulcers  at  junction 
of  ileum  and  caecum.  Kidneys  thickly  studded  with  petechiae.  Spleen 
enlarged,  black  and  pulpy.  Liver  apparently  normal.  Mesenteric  glands 
enlarged  and  hemorrhagic.  Mucosa  of  stomach  inflamed,  especially  that 
of  pyloric  portion.  Lungs  covered  with  large  hemorrhages,  apices  of 
lungs  hepatized.  Auricles  hemorrhagic.  Mediastinal  glands  enlarged 
and  hemorrhagic. 

Hog  95.  This  test  was  a  duplicate  of  that  upon  hog  94.  Incubation 
period,  symptoms  and  lesions  identical  with  those  of  94. 

Hog  107,  Duroc-Jersey,  weight  70  pounds,  was  injected  May  11  with 
4  cc.  of  %-hour  horse  serum.  Sickened  the  eighth  day,  showing  S3inp- 
toms  of  cholera.    Was  bled  May  24,  thirteen  days  after  injection. 

Post  mortem.  Slight  cutaneous  lesions.  Intestines  normal,  with  the 
exception  of  a  small  area  near  ileocaecal  valve,  which  was  inflamed. 
Spleen  enlarged  and  friable.    Liver  practically  normal.    Kidneys  slightly 
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peteehiated.    Lungs  showed  the  results  of  a  severe  inflaininatioiiy  b^g 
hemorrhagic  and  hepatized  in  many  places. 

Hog  109,  Duroc-Jers^  shoat,  weight  90  pounds,  on  May  21,  1910,  re- 
ceived 4  cc  of  %-hour  horse  serum,  the  horse  having  received  40  cc.  of 
hog  cholera  virus  intra-jugular  and  bled  one-half  hour  after  injection. 
Incubation  period,  six  days.  Symptoms  and  lesions  typical  of  hog  cholera, 
although  the  lesions  not  as  pronounced  as  usual.  This  hog  received  ap- 
proximately 1426  of  a  cc. 

Hog  126,  Yorkshire,  wei^^t  60  pounds,  injected  with  4  cc.  of  ^-hour 
horse  serum,  on  June  18.  Ten  days  after  injection  feed  was  refused  and 
animal  appeared  listless.  Other  s3inptoms  appeared,  such  as  dyspncea,. 
great  thirst,  constipation,  later  diarrhea  and  emaciation.  Died  during 
night  of  July  7. 

Post  mortem.    Lesions  typical  of  cholera. 

Hog  188,  Duroc-Jersey,  weight  50  pounds,  injected  June  28  with  4  cc. 
of  %-hour  horse  serum.  Sickened  on  the  tw^th  day.  Symptoms  char- 
acteristic of  cholera.    Died  July  17. 

Post  mortem.  Skin  on  ventral  portion  of  body  purplish  in  color.  In- 
testines inflamed  and  dotted  with  hemorrhagic  foci.  A  few  small  unde- 
vdoped  ulcers  near  ileocascal  valve.  Mesenteric  glands  enlarged  and 
gorged  with  blood.  Kidneys  peteehiated.  Liver  contained  several  necrotic 
areas.  Spleen  pulpy  and  very  dark.  Numerous  blood  extravasations  in 
lungs.    Auricles  ecchymotic    Mediastinal  glands  involved. 

Hog  65,  a  Poland  China,  weight  65  pounds,  was  inoculated  subcuta- 
neously  with  5  cc.  of  9-hour  horse  serum,  on  January  20,  1910.  The  hog 
was  apparently  healthy  until  the  thirteenth  day,  when  it  gradually  went 
off  feed  and  took  on  a  listless  appearance.  The  temperature  fluctuated 
considerably  between  normal,  103.5  degrees,  and  106  degrees.  Would 
have  chills,  usually  one  or  two  a  day,  lasting  about  an  hour  at.  a  time. 
Had  a  severe  cough.  At  times  the  animal  would  seem  to  be  improving, 
leaving  its  bed  and  walking  around  the  pen;  would  also  stand  at  the 
feed  trough  with  the  other  hogs  and  eat  ravenously.  These  periods  of 
seeming  convalescence  would  not  last  long,  however,  the  pig  returning 
to  its  bed  and  resuming  its  usual  decubitus  and  appearance.  The  patient 
lingered  along  in  this  condition  for  over  thirty  days,  before  dying.  To- 
wards the  end  it  experienced  great  difficulty  in  breathing,  every  breath 
seoning  to  be  painful.  The  feces  appeared  to  be  normal  throughout  the 
course  of  the  disease. 

PoBt  mortem.  A  slight  discoloration  of  the  skin  was  noticeable  on 
the  ventral  portion  of  the  body  and  on  the  inner  side  of  the  thighs.  The 
intestines  were  practically  normal,  a  slight  inflammation  being  present 
around  the  ileocascal  valve.  The  contents  of  the  intestines  appeared  to 
be  normal  in  consistency  and  color.  Mesenteric  glands  but  slightly  in- 
volved. Sple^i  and  liver  practically  normal.  Kidneys  slightly  ecchy- 
motic near  pelvis.  The  thoracic  cavity  was  the  seat  of  very  pronounced 
lesions.  The  lungs  were  practically  one  solid  mass  of  hepatized,  necrotic 
tissue.  Upon  section  with  a  bistoury,  a  fatty,  cheesy-like  appearance 
was  revealed.    In  interstices  between  the  lungs  and  pleura,  when  they 
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were  not  adherent,  was  present  a  clear  jelly-like  liquid,  partly  organized 
in  places.  Probably  not  more  than  one-fifth  of  the  total  lung  tissue  was 
functional,  this  undoubtedly  accounting  for  the  dyspnoea  and  other  grave 
respiratory  troubles  which  the  animal  experienced.  The  pericardial  fluid 
was  almost  solidified,  encasing  the  heart  in  a  mold.  Auricles  very  dark 
in  color -and  hemorrhagic.  Mediastinal  glands  slightly  enlarged  and 
showing  blood  extravasations. 

Hog  66,  A  Poland  China  sow,  weight  85  pounds,  was  inoculated  sub- 
cutaneously  January  20  with  5  cc.  2-hour  horse  serum.  The  normal  tem- 
perature was  103.8  degrees.  The  temperature  remained  normal  after 
inoculation  until  the  sixth  day,  when  it  rose  to  104.5  degrees,  and  dropped 
to  102.8  degrees  on  the  8th  day.  The  highest  mark  recorded  in  the 
temperature  chart  was  on  the  tenth  day,  when  the  tenperature  was 
106.5  degrees,  fluctuating  between  this  point  and  normal  until  the  death 
of  the  animal.  The  animal  refused  feed  on  the  tenth  day  and  showed  other 
signs  of  illness.  Probably  the  most  pronounced  symptom  in  the  early 
stage,  aside  from  being  ''off  feed,"  was  a  dry  hacldng  cough.  The  coat 
became  rough  and  staring,  eyes  congested  and  swollen.  It  was  almost 
impossible  for  it  to  move  from  its  bed.  Limbs  cold,  the  posterior  ones 
seeming  to  be  partially  paralyzed.  The  animal  lingered  along,  gradually 
becoming  weaker,  until  the  twenty-fourth  day  after  inoculation,  when  it 
died. 

Post  mortem.  The  autopsy  was  not  held  until  two  days  after  death, 
but  the  weather  being  very  cold,  the  cadaver  was  preserved  in  good  con- 
dition. The  body  was  not  badly  emaciated,  in  spite  of  the  fact  that  the 
animal  had  not  eaten  for  nearly  two  weeks  previous  to  death.  The  skin 
on  the  ears  was  slightly  discolored,  being  a  purplish  hue.  The  intestinal 
walls  showed  hemorrhagic  foci  in  places.  No  ulceration  was  visible 
in  the  cscum,  nor  at  the  ileocadcal  valve.  The  mesenteric  glands  were 
almost  black  in  color  and  greatly  enlarged.  Spleen  normal  in  size  and 
color,  but  very  soft  and  friable.  Kidneys  showed  petechtiae,  the  petechia- 
tion  being  more  pronounced  in  the  hilus  of  the  organ.  Liver  showed  a 
few  ulcerative,  necrotic  areas.  Ext«isive  lesions  were  found  in  the  lungs, 
the  lower  portions  of  the  lobes  being  in  the  stage  of  gray  hepatization, 
the  consistency  being  almost  solid;  other  portions  showing  the  results  of 
various  stages  of  inflammation.  Evidence  of  severe  pleuritis  was  notice- 
able, the  lungs  being  adherent  to  pleura  in  places.  The  heart  showed 
petechiflB,  the  petechisB  being  more  extensive  in  the  auricles.  Mediastinal 
glands  esilarged  and  hemorrhagic.  A  striking  feature  in  this  case  was 
the  extent  of  the  glandular  involvenent— every  set  of  glands  from  the 
retropharyngeal  to  the  inguinal  showed  affection. 

Hog  67  was  a  Poland  China  male,  in  good  thrifty  condition,  weighing 
95  pounds.  On  January  20  was  inoculated  subcutaneously  with  6  cc  of 
3i-hour  horse  serum.  On  the  morning  of  the  ninth  day  the  animal  missed 
its  first  feed,  and  gave  a  temperature  of  107  degrees.  It  maintained  this 
degree  of  twnperature  almost  throughout  the  course  of  the  disease.  The 
animal  would  lie  in  its  bed  almost  continuously,  occasionally  getting  up 
to  drink.    Gave  evidence  of  great  thirst,  naturally  arising  from  the  high 
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f erer.  Had  a  Tery  severe  cough,  almost  going  into  oonvulsions  at  times. 
Byes  became  doll  and  listless,  coat  rough  and  staring,  had  a  watery 
mucous  discharge  from  rectum.  The  animal  did  not  seem  to  ctmvalesce 
or  to  get  worse  until  the  twenty-third  day,  when  the  symptoms  became 
aggravated,  and  the  patioit  rapidly  weaJaeaed,  finally  succumbing  the 
night  of  February  13,  twenty-five  days  after  inoculation. 

Pott  mortem.  Did  not  show  any  cutaneous  lesions.  Intestines  slightly 
inflamed  in  region  of  cecum,  but  no  ulcerations.  Mesenteric  glands  in- 
▼olved.  Spleen  normal  in  sise,  but  dark  and  soft  Liver  normal.  Mucosa 
of  sUmiach  inflamed  and  pyloric  portion  covered  with  a  diphtheretie-like 
membrane.  Kidneys  showed  petechias  on  surface.  Apices  of  lungs  hq[Mi- 
tixed  and  base  of  right  lung  congested  and  inflamed.  Lungs  adherent  to 
pleura  in  places.  Chambers  of  heart  gorged  with  black,  jelly-like  dots. 
Auricles  eochymotic    Mediastinal  lymph  nodes  enlarged  and  hemorrhagic 

Hog  74,  a  Poland  China  male,  weight  50  pounds,  received  subcutane- 
ously,  February  19,  4  cc  of  9-hour  horse  serum.  On  the  eighth  day 
after  injection  it  had  a  rise  in  temperature  of  two  degrees.  On  the 
eleventh  day  the  tonperature  was  106  degrees  and  the  hog  showed  signs 
of  illness — ^loss  of  appetite,  dyspnoea,  constipation  and  a  marked  general 
depression.  Later  diarrhea  appeared,  the  feces  being  very  watery  and 
tinged  with  blood.  The  hog  rapidly  onaciated  and  weakened,  dying  the 
night  of  March  14,  1910. 

Post  mortem.  No  cutaneous  lesions.  Spleen  practically  normal.  In- 
testines inflamed,  more  particularly  the  small  intestines.  Kidneys  showed 
hemorrhagic  foci.  Liver  studded  with  numerous  small  necrotic  centers, 
which  on  section  were  found  to  contain  thick  caseous  pus.  Lungs  were 
pneumonic  in  appearance,  more  especially  the  left  lung.  Pericardial 
fluid  almost  solidified.  Auricles  hemorrhagic  Mediastinal  and  bronchial 
l^ands  showed  involvemoit,  being  enlarged  and  hemorrhagic 

Hog  110,  Duroc-Jersey  shoat,  weight  85  pounds,  received.  May  21, 
4  oc  of  1-hour  horse  serum.  Incubation  period  six  days.  Symptoms  and 
lesions  cfaaracteristie  of  hog  cholera. 

From  the  above  tests  it  may  be  observed  that  %-hour  horse 
serum,  as  a  rule,  is  highly  infectious  in  nature.  With  the  ex- 
ception of  natural  immune  No.  71,  a  subcutaneous  injection  of 
4  cc.  per  50  pounds  weight  produced  in  a  series  of  twelve  pigs 
(hogs  61,  64,  72,  78,  87,  88,  94,  95,  107,  109,  126  and  183) 
acute  cholera,  with  an  average  incubation  period  of  6.8  days 
and  an  average  termination  of  the  disease  in  14.8  dajrs,  of 
91.6  per  cent  of  the  cases,  hog  73  having  recovered.  On  the 
whole,  from  the  limited  observations  afforded  by  the  escperi- 
ments  with  1-  to  9-hour  horse  serum,  as  indicated  in  table  2a, 
previous  results  were  verified. 
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Table  16. 

Tests  of  normal  horse  blood  dilution  in 

ffitro. 

MilTmtlAL  INJBCTBD. 

Hoff. 

Date. 
1910. 

Incu- 
bation 
period. 

Results. 

Autopsy. 

A.    H-hr.  dilution  in  nor- 
mal horse  blood. . . . 

68 
69 
79 
80 

99 
100 
118 
182 
184 
141 
140 

2     8 

2  6 

3  8 
8     8 

4  16 
4    16 
6    27 
6    28 

6  80 

7  20 
7    20 

12  days. 
14^^ 

8  •• 

9  •• 

9    •• 

10  •• 

isdaysl' 

Died  in  20  days 

Sliffht  lesions. 

A.  do.               do. 

B.  do.               da 
a     da              da 

Sliffbt  reaction,  rec. 

Died  in  16  days  (not  hoff 
cbolera) 

G.      da               da 
C.      da              do. 

SUffht  reaction,  rec. 
Died  in  17  days. 

No  choleim  lesions. 

E.  do.               da 

F.  da               do. 

No  reaction. 

Died  in  21  days. 

Slight  leeions. 

G.     da              da 

No  reaction, 
da 

H.     da              do. 

L      da              da 

Hog  68y  weight  65  pounds,  received  in  the  subcutem  4  cc.  of  a  mixture 
of  normal  horse  blood  and  hog  cholera  virus.  One  per  cent  sodium 
citrate  was  added  to  the  blood  immediately  upon  drawing  from  the  horse, 
to  prevent  coagulation.  The  mixture  was  kept  at  a  tanperature  of  37 
deg:rees  C.  for  one-half  hour  before  injection.  The  animal  was  appar- 
ently normal  until  the  twelfth  day,  when  it  refused  feed.  Other  symp- 
toms g:radually  appeared,  such  as  hyperthermia,  constipation,  followed  by 
diarrhea,  dyspnoea,  coughing,  gummed  eyelids,  and  a  general  debility. 
The  animal  died  the  twenty-first  day  after  injection. 

Post  mortem.  The  intestinal  tract  showed  evidence  of  inflammation, 
more  particularly  the  stomach,  the  mucosa  of  which  was  badly  con- 
gested and  inflamed.  No  intestinal  ulcers  were  present.  Right  kidney 
slightly  ecchymotic  near  hilus.  Spleen  and  liver  practically  normal. 
Lower  portions  of  lungs  badly  hepatized.  Some  pleuritis.  Heart  muscle 
hemorrhagic. 

Hog  80,  a  30-pound  Yorkshire  shoat,  received  on  March  8  3%  cc.  of 
^-hour  dilution  (1  cc.  hog  cholera  virus  and  350  cc  horse  serum). 
Thirteen  days  after  injection  the  animal  seemed  to  be  suffering  from  a 
paraplegia,  at  times  being  unable  to  rise  without  assistance.  Had  con- 
siderable fever  and  appeared  to  be  greatly  depressed.  No  typical  symp- 
toms of  cholera  were  in  evidence.    The  hog  was  bled  March  23,  1910. 

Post  w^ortem.  The  only  apparent  pathological  condition  was  a  great 
distention  of  the  bladder,  the  animal  apparently  not  having  urinated  for 
several  days.  The  bladder  occupied  the  greater  portion  of  the  pelvic 
cavity  and  extended  well  into  the  abdominal  cavity.  The  pressure  ex- 
erted by  the  distended  bladder  on  the  surrounding  nerves  was  probably 
the  cause  of  the  paraljrsis  of  the  hind  parts.  All  the  other  viscera 
seemed  to  be  normaL 

H(^  100,  a  Duroc-Jersey,  weight  50  pounds,  received  on  April  15  4  cc. 
of  a  mixture  of  horse  blood  and  hog  cholera  virus  (1  cc.  virus  and  240  cc 
blood).  Ten  days  after  injection  feed  was  refused  and  animal  became 
listless.  A  profuse,  watery  diarrhea  occurred  the  twelfth  day  and  con- 
tinued until  the  end.  Would  lie  in  a  comer  of  the  pen  continually,  seem- 
ing to  be  semiconscious.    Animal  weakened  gradually,  and  died  May  2. 
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Post  mortem,  A  slight  skin  discoloration  was  present  near  sheath. 
No  internal  lesions  could  be  found,  the  viscera  apparently  being  in  nor- 
mal condition. 

Table  16a.    Tests  of  physiological  salt  dilutions. 


MilTBRIAL  In  JBCTBD. 

Ho». 

Date. 

i9ia 

Incuba- 
tion 
period. 

Results. 

Autopsy. 

A.  2.hr.  dOutkNi  physio- 

loffkalaalt. 

B.  da               do. 

B.  ^boar  in  physiological 
aalt. 

70 
81 

76 
96 
106 
112 
118 
131 
186 
188 

2      6 

8     8 

2  28 

3  28 
6    11 
6    28 
6     8 

6  18 

7  6 
7    14 

16  days. 

is^^- 

14      •• 
14      •• 

8  •' 

9  •• 

17  •• 

18  •• 

Sliffht  taction,  rec. 
Died  in  22  days 

Sliffbt  lesions. 

C.  da               do. 

D.  da               do. 

E.  da               da 

••    10   ••  '.'.'.'.WW. 

"      28     "    

Tsr^ical  lesions. 

P.        da               do. 
G.         da               da 

Mild  reaction,  rec. 
Died  in  28  days. 

Sliffbt  lesions. 

H.        do.               da 

Nore^rtion. 

L         da               da 

Hog  75,  a  Poland  China  shoat,  received  February  28  4  cc  of  a  mix- 
ture of  hog  cholera  virus  and  normal  salt  solution  (1  cc.  virus  and  350  cc. 
normal  salt) .  Fourteen  days  after  injection  symptoms  of  cholera  were  in 
evidence.  These  S3anptoms  gradually  became  more  pronounced,  the  ani- 
mal dying  March  22, 1910. 

Post  mortem^  A  slight  skin  discoloration  on  ventral  portion  of  body. 
Spleen  enlarged  and  pulpy.  Kidneys  petechiated.  Liver  normal.  A  few 
small  ulcers  at  ileocsBcal  valve.    Lungs  slightly  hemorrhagic. 

Hog  98,  Poland  China,  weight  55  pounds.  On  March  26  injected  4  cc. 
of  mixture  of  virus  and  physiological  salt  solution  (1  cc.  virus  and  240 
cc.  salt  solution).  Sickened  fourteen  days  after  injection.  Symptoms 
those  of  cholera.    Died  April  18. 

Post  mortem^  Lesions  typical  of  cholera. 

Hog  108,  Poland  China  shoat,  weight  100  pounds.  Injected  May  11 
with  4  cc  dilution  of  virus  (hog  89)  in  normal  salt  solution  in  proportion 
of  1  cc.  virus  to  850  cc.  normal  salt.  Animal  sickened  on  sixth  day,  re- 
fusing feed  and  having  the  general  depression  characteristic  of  cholera. 
Died  May  21. 

Poet  mortem^  A  slight  discoloration  of  skin  on  ventral  portion  of  body. 
Intestines  inflamed  throughout  their  entirety,  and  thickly  studded  with 
petechias.  Two  small  undeveloped  ulcers  near  ileocecal  valve.  Spleen 
enlarged  and  hemorrhagic.  Extensive  extravasation  of  blood  in  kidney 
tissue.  Liver  apparently  normal.  Lungs  thickly  covered  with  hem- 
orrhagic foci.  Auricles  hemorrhagic.  Mediastinal  glands  enlarged  and 
hemorrhagic. 

Hog  112,  Poland  China  shoat,  weight  90  pounds,  received  on  May  26 
4  cc.  of  dilution  of  virus  and  normal  salt  solution  in  proportion  of  1  cc. 
virus  to  172  cc.  of  normal  salt  solution.  On  the  ninth  day  feed  was  re- 
fused, and  other  signs  of  illness  were  in  evidence.  Had  a  rough,  staring 
coat,  and  a  general  listless  appearance.     Would  seldom  leave  its  bed; 
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when  it  did,  would  walk  with  a  tottering  gait.  On  the  eighteenth  day  a 
profuse  diarrhea  set  in,  which  continued  until  the  end.  Being  in  a  dying 
condition  on  June  IB,  was  bled  and  post-mortemed. 

Post  mortem.  Cutaneous  lesions  quite  extensive.  Blood  extravasa- 
tion in  intestines,  kidneys,  lungs  and  heart  muscle.  No  intestinal  ulcers. 
-This  hog  received  approximately  ^  of  a  cc.  of  hog  ch<^era  virus. 

Hog  181,  Duroc-Jersey,  weight  40  pounds.  Injected  with  4  oc  of  a 
mixture  of  virus  and  physiological  salt  solution,  in  proportion  of  1  cc. 
virus  to  244  cc.  of  the  salt  solution.  Hog  was  apparently  normal  until 
the  eighteenth  day.  At  this  time  S3^ptoms  of  cholera  appeared,  al- 
though not  as  pronounced  a)s  usuaL    Died  July  11. 

Post  mort&nu  Pair  lesions. 

Tables  16  and  16a  show  results  obtained  when  susceptible 
hogs  were  injected  subcutaneously,  using  a  dosage  of  approx- 
imately 4  cc.  per  50  lbs.  weight,  with  dilutions  of  hog  cholera 
virus  in  normal  horse  blood,  in  vitro,  and  in  sterile  physiological 
salt  solution  corresponding  to  those  dilutions  indicated  in  table 
2a  with  horse  serum  virus.  Attention  is  again  called  to  the 
statement  that  the  symbols,  A,  B,  C,  etc.,  in  the  first  column 
of  each  of  tables  16  and  16a,  refer  to  the  respective  lots  of  the 
original  hog  cholera  serum,  A,  B,  C,  etc.,  which  were  injected 
in  the  horses,  as  shown  in  table  2.  Thus,  in  tables  16a  and  16, 
hogs  75  and  79  received  dilutions  of  the  same  virus  in  phjrsio- 
logical  salt  solution,  and  in  normal  horse  blood,  respectively, 
which  hogs  72  and  73,  table  2a,  received  in  the  form  of  horse 
serum  virus. 

Table  166.    Summary,  comparative  results  of  diluti<»i  tests. 


lUimer  of  dihitkm  of  vlnu. 

Half^MMir 

horMMmni 

vlnu. 

dOntioiis  innonnal 
hone  blood 

incubated  half  hour 

at  body- 

tamperatora. 

inphyakMeal 

aalt  ■ototion  inenbated 

batfhoaratbodyw 

teoBperatora. 

Namb«r  of  hoes  in  8«rlM 

12 

8 

6. 

Atwsm  taenlmtifin  p«riod  .     . 

6.8  days 

1  (pever*  r»- 

aetkm) 

91.6p«rc«it.. 

U.Sdiors. 

Aeato. 

Good 

U.4daya. 

18.8  days. 

4 ; 

1  (mad  reaction). 

<a«iierftl  elumctar  of  diMMe. . . 

87.6p«ro«nt. 

18.2  daya. 

Gbionieandaliffbt.. 

SUsbt  not  marked.. 

88.4  DOT  cent. 

19.8  daya. 

Leea  aeate  than  bene 

sammTima. 
Fair. 

Table  166  indicates  the  summary  of  this  comparative  woik, 
not  including  those  hogs  which  received  lots  of  serum  repre- 
sented by  the  symbols  H  and  I.    Reference  Mill  be  made  to 
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these  below.  It  is  necessary  to  state  that  in  determining  the 
average  results  in  table  166,  relative  to  the  virus  diluted  in 
normal  horse  blood,  no  account  was  tak^  of  hog  118,  which 
was  probably  naturally  immune;  also,  in  determining  the  per 
cent  of  normal  horse  blood  dilution,  in  vitro,  hog  80  was  not 
<^onsidered,  as  death  did  not  result  from  hog  cholera. 

It  may  be  noted  in  table  2  that  horse  serum  virus  from  hog 
<:holera  virus,  lot  F,  contained  an  approximate  dilution  of  1 
part  of  virus  to  861.8  parts  of  diluting  fluid.  This  dilution 
produced  the  following  results  (tables  2a,  16  and  16a) :  Horse 
serum  virus,  after  six  days'  incubation,  the  death  of  pig  109 
in  nine  days,  with  typical  lesions;  normal  horse  blood  dilution, 
after  eighteen  days'  incubation,  the  death  of  pig  132,  with 
:slight  lesions ;  phyBiological  salt  solution  dilution,  after  seven- 
teen days'  incubation,  mild  reaction  and  recovery  in  the  case 
of  hog  118.  It  was  decided,  therefore,  to  increase  the  dilution 
of  hog  cholera  virus  in  the  horse  serum  virus,  in  normal  horse 
blood,  in  vitro,  and  in  physiological  salt  solution,  until  the 
minimal  fatal  dose  was  reached.     The  purpose  of  this  was 

Table  16«.    Attempted  determinatioii  of  minimal  fatal  doee  of  hog  cholera 
virus,  dilution  physiological  salt  solution. 


No. 

Date, 

mo. 

vi™ 

obtained 
from 

Dttntioii 
inphysioL 

Approx- 
imate 
amount 
inj«:ted. 

Incuba- 
tion 
period. 

Result. 

Autopsy. 

112 

6    20 

Hoff97 

IccTiraa.  172 
oc    phjsioL 
■alt. 

V48  oc 

Odayc 

Died  in  28  days. 

Typical  lesions. 

m 

6    18 

Ho«106 

lccTinia.244 

1/61  cc 

18dayc 

Died  in  28  days. 

Sliffht  lesions. 

106 

6    U 

HoffSO 

loe.ylnu.287 

V72  cc 

Sdayc 

DiedinlOdays. 

Typical  lesions. 

9S 

S    26 

Wmn 

1  ee.  Time,  220 

1/90  oc 

14  days. 

Died  in  18  days. 

Typical  lesioos. 

76 

2   28 

Hoff64 

loe.  Time,  844 
ee.    physloL 
salt. 

1/B6  cc 

UdajB. 

Died  in  22  days. 

Sliffbt  leoiona. 

118 

6     8 

Hoff97 

lecYima,  862 
ec.    phjekil. 
aalt. 

ly^Soc 

17dayc 

Mild    reaction. 

186 

7     6 

Hoffl22 

1  ee.Tinia.  1202 
00.    phjaiol. 
salt. 

1/800  oc 

No  re- 
action. 

188 

7    14 

Hoffl22 

loe.ylni8,1724 
ec    physloL 
salt. 

1/482  cc 

No  re- 
action. 
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Table  16d.    Comparative  results  of  dilutions  with  virus,  lots  F,  H  and  I. 

Hoff  cholera  serum,  lot  F.    Dilution.  1  to  861.8;  subcutaneous  injection.  4cc  per  60  Iba.  weight. 


MiiTERiAL  Injected. 

Ho». 

Approx- 
imate 
amount 
injected. 

Date. 
1910. 

Incuba- 
tion 
periods. 

Results. 

Autopsy. 

F.   V^hr.  horse  serum.. 

F.   Normal  horse  blood 
dilution 

109 

lat 

118 

216.46  *^*^ 

1 
216.46  ^ 

6  21 
6  28 
6     8 

edasrs. 
18     " 
17     " 

Diedin9day8. 
Died  hi  21  days. 
Mildreac.  rec 

Typicalleaiona. 
SUffht  lestons. 

F.    Physiol,  salt  dUu- 
tlon 

216.46  "^ 

Hoff  cholera  serum,  lot  H.    Dilution.  }  to  1202:   subcutaneous  injection.  4  cc.  per  60  lbs.  weights 


H.  H-hr.  horse  serum.. 


H.  Normal  horse  blood 
dilution 


H.  Physiol.  saH  dihi- 
tion 


136 
141 
186 


1_ 

800.6  - 

1 
800.6 

1 
800.6 


7  2 
7  20 
7      6 


14  days. 
No 


Chronic  caselast- 
inflr26days.  Re- 
covered. 


Hoff,  cholera  serum,  lot  I.    Dilution,  1  to  1724;  subcutaneous  injection.  4  cc  per  50  lbs.  weight. 


I.    V^hr.  horse  serum. . 

I.   Normal  blood  dUu- 
tion 


I.   PhysioL    salt   dilu- 
tion  


187 
140 
188 


481 

1 
431 

1 
481 


7  11 
7  20 
7    14 


No  reac. 


twofold,  in  that  the  results  might  aid  in  determining  whether 
or  not  horse  serum  virus  represented  mere  dilution  as  well  aa 
indicating  the  minimal  fatal  dose  of  hog  cholera  virus.  The 
tests  with  lots  of  serum  F,  H  and  I  refer  to  the  attempts  in 
establishing  the  minimal  fatal  dose.  Just  what  is  the  smallest 
amount  of  hog  cholera  virus  that  is  capable  of  producing  the 
disease  is  a  point  well  worth  knowing.  Of  course,  the  min- 
imal fatal  dose  will  vary  within  certain  limits,  depending  upon 
the  age  and  susceptibility  of  the  animal  and  the  degree  of 
virulence  of  hog  cholera  serum.  In  this  work  the  above  con- 
ditions of  variation  have  been  controlled  as  well  as  possible 
by  using  50-pound  susceptible  pigs  from  the  same  locality, 
many  of  which  belonged  to  the  same  litters,  and  by  making 
the  dilutions  with  the  same  strain  of  serum,  so  activated  that 
it  produced  by  the  subcutaneous  injection  of  2  cc.  the  death 
of  50-pound  test  pigs  within  fifteen  days. 

For  the  purpose  of  clearness,  portions  of  tables  2,  2a,  16  and 
16a,  covering  the  tests  with  lots  of  serum  F,  H  and  I,  are  pre^ 
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sented  in  the  appended  tables  16c  and  16(f.  A  study  of  these 
tables  shows  the  approximate  dilution  of  virulent  hog  cholera 
serum  in  sterile  physiological  salt  solution  which  may  be  taken 
as  the  minimal  fatal  dose.  Using  the  results  obtained  from 
test  pigs  118, 136  and  138  (table  16c) ,  it  is  suggested  that  per- 
haps  the  minimal  fatal  dose  of  hog  cholera  virus  lies  some- 
where between  1/215  and  1/300  cc.  per  50  pounds  weight.  It 
will  be  noticed,  however,  that  when  this  dilution  was  used  in 
the  form  of  horse  serum  virus  different  results  were  obtained. 
With  virus  lot  F,  using  a  dilution  of  1  to  861.8  parts  horse 
blood,  in  the  form  of  horse  serum  virus,  hog  109,  after  an  in- 
cubation period  of  six  days,  promptly  died  from  acute  hog 
cholera,  while  the  corresponding  normal  blood  dilution  test 
pig.  No.  132,  after  eighteen  days'  incubation,  died  in  twenty- 
one  days  with  slight  lesions,  and  the  corresponding  physio- 
logical salt  dilution  test  pig.  No.  118,  showed  only  a  mild  re- 
action after  an  incubation  period  of  seventeen  days. 

The  results  of  the  test  of  virus  lot  H,  in  a  dilution  of  1  to 
1202,  and  virus  lot  I,  dilution  1  to  1724,  conform  with  those 
obtained  from  the  tests  with  virus  lot  F.  In  the  case  of  the 
horse  serum  virus,  having  an  estimated  dilution  of  virus,  lot  H, 
of  1  to  1202,  pig  135  became  sick  after  fourteen  days  and 
finally  recovered,  after  having  been  affected  with  the  chronic 
form  of  cholera  for  a  number  of  days.  Pigs  140  and  136,  in- 
jected with  corresponding  dilutions  of  virus,  lot  H,  in  normal 
horse  blood,  in  vitro,  and  physiological  salt  solution,  respec- 
tively, showed  no  reactions.  Finally,  of  pigs  137,  141  and  138, 
each  injected  with  1/431  cc.  of  virus,  lot  I,  in  the  form  of  horse 
serum  virus,  normal  blood  dilution,  in  vitro,  and  physiological 
salt  solution,  respectively,  none  showed  subsequent  symptoms. 
From  these  results  the  evidence  is  strong  that,  notwithstanding 
certain  disadvantages  in  attempting  to  accurately  estimate  the 
dilution  of  any  given  amount  of  fluid  placed  in  the  blood  of  a 
living  animal,  the  horse  serum  virus  retains  a  greater  degree 
of  activity  as  the  dilution  of  hog  cholera  virus  in  the  blood 
in  vivo  becomes  higher,  than  do  the  corresponding  increasing 
dilutions  in  normal  horse  blood,  in  vitro,  and  in  physiological 
salt  solution. 

Experimental  evidence  points  to  the  fact  that  hog  cholera 
virus  undergoes  some  modification  when  passed  through  the 
horse.     Results  indicate  that  there  is  at  first  a  process  of 
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activation  of  the  virus,  which  process  begins  immediatdy  after 
the  intravenous  injection  of  the  horse,  and  continues  for  a 
relatively  short  period.  Observations  tend  to  show  that  at  the 
expiration  of  one-half  hour's  residence  in  the  blood  of  the 
horse  the  virus  attains  its  highest  degree  of  activation.  It  is 
scarcely  possible,  therefore,  that  this  process  of  activation 
represents  a  multiplication  of  the  theoretical  invisible  micro- 
organisms. Experimental  evidence  also  shows  that,  after  this 
period  of  activation,  a  continued  residence  of  four  to  twenty- 
four  hours  or  longer  of  the  virus  in  the  horse  will  result  in  a 
gradual  decline  in  virulence.  This  phase  of  the  process  of  the 
modification  may  be  due  to  a  disintegration  of  the  virus  or  an 
accumulation  of  substances  deleterious  to  the  virus.  The  de- 
cline in  the  activity  of  the  virus  would,  in  all  probability,  take 
place  to  some  extent  in  the  presence  of  normal  horse  blood  out^ 
side  of  the  living  body. 

The  above-suggested  conclusions  are  based  upon  the  results 
of  the  dilution  tests,  supplemented  by  the  results  of  the  field 
work  and  previous  observations.  From  a  practical  point  of 
view,  perhaps  the  most  important  results  of  this  incomplete 
investigation  pertain  to  the  virulent  nature  of  V4-hour  horse 
serum.  The  positive  results  of  the  series  of  dilution  tests  are 
almost  preponderantly  in  favor  of  the  dilution  in  the  form  of 
horse  serum  virus.  It  was  recognized  at  the  beginning  that  a 
comparison  of  the  dilution  of  the  virus  in  normal  horse  blood 
in  vivo  with  that  in  normal  horse  blood  in  vitro  was  perhaps  of 
slight  value.  The  results  of  various  investigations  in  other 
lines  of  work  show  that  in  normal  blood  outside  the  body  the 
leucocytes  may  immediately  give  off  inactivating  materials. 
Other  factors  in  the  normal  horse  blood  in  vitro  may  also  exert 
some  influence,  thus  impairing  the  direct  comparison  of  re- 
sults of  normal  horse  blood  dilutions  outside  the  animal  body 
with  those  of  horse  serum  virus.  On  the  other  hand,  the  re- 
sults of  the  series  of  comparative  tests  of  the  corresponding 
dilutions  of  hog  cholera  virus,  in  the  form  of  horse  serum 
virus  and  physiological  salt  solution,  are  especially  valuable  in 
showing  the  possible  activated  pathogenic  properties  of  hog 
cholera  virus,  after  a  residence  of  one-half  hour  in  the  circu- 
latory system  of  the  horse.  When  a  given  amount  of  virus 
is  injected  intravenously  into  the  horse  and  a  dilution  of  a 
given  ratio  is  estimated  in  the  blood  of  the  living  animal,  it 
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does  not  appear  reasonable  to  believe  that  a  given  portion  of  the 
blood  of  the  horse  represents  a  like  dilution  when  drawn  one- 
half  hour  or  more  after  the  injection  of  the  animal.  Some  of 
the  inoculated  virus  may  be  carried  into  other  channels  of  the 
circulatory  system,  some  may  be  situated  in  the  peripheries, 
some  may  have  been  absorbed,  and  finally  lytic  action  may  have 
depleted  the  hog  cholera  virus,  or  foreign  serum,  by  the  time 
the  virus  had  maintained  a  residence  of  one-half  hour  or  longer 
in  the  living  body  of  the  animal.  When  a  given  dilution  of  the 
virus  is  prepared  in  sterile  physiological  salf  solution,  how- 
ever, it  is  reasonable  to  suppose  that  the  dilution  remains  the 
same,  and  that  if  any  change  might  take  place  aftw  an  incu- 
bation at  body  temperature  of  one-half  hour  or  longer,  that 
change  would  be  a  multiplication  of  virulent  properties. 

It  therefore  seems  apparent  that  these  preliminary  tests 
tend  to  show  that  horse  serum  virus  represents  an  activated 
form  of  hog  cholera  virus,  and  not  a  mere  dilution,  because  of 
the  following  reasons : 

1.  In  a  series  of  12  hogs,  ^^-hour  horse  serum  virus  pro- 
duced death  in  91.6  per  cent  of  the  animals,  with  an  average 
incubation  period  of  6.8  days  and  an  average  period  of  duration 
of  the  disease  of  14.8  days.  In  comparison  with  the  above,  cor- 
responding dilutions  with  the  same  lots  of  virus  in  normal 
horse  blood  in  vitro,  and  in  sterile  physiological  salt  solution,  in 
series  of  8  and  6  hogs,  respectively,  produced  death  in  87.5  per 
cent  and  88.4  per  cent  of  the  animals,  with  average  incubation 
periods  of  11.4  days  and  18.8  days,  and  average  periods  of 
duration  of  disease  of  18.2  days  and  19.2  days,  respectively. 

2.  The  symptoms  of  disease  and  the  autopsies  of  the  hogs 
injected  with  the  %-hour  horse  serum  virus  were,  as  a  rule, 
characteristic  of  tsrpical  acute  hog  cholera,  while  those  of  the 
corresponding  dilutions  in  normal  horse  blood  and  physio- 
logical salt  solution  were  more  chronic  and  less  marked  in 
character. 

8.  From  a  limited  amount  of  data  indicated  in  table  16c, 
it  is  shown  that  the  minimal  fatal  dose  of  virulent  serum,  as 
repres^ited  by  a  dilution  of  the  virus  in  physiological  salt 
solution,  does  not  indicate  the  minimal  fatal  dose  when  the 
dilution  is  maintained  in  the  form  of  horse  serum  virus. 

4.  During  extensive  field  work  covering  the  experimental 
vaccination  of  approximately  850  hogs  in  about  eleven  herds, 
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approximately  60  animals  were  infected  with  typical  hog 
cholera  by  the  subcutaneous  inoculation  of  %  to  5  cc  of  6-hour 
horse  serum. 

From  the  data  which  is  at  hand,  it  is  suggested  that  the  fol- 
lowing summarized  comments  may  be  made,  relative  to  the 
character  of  experimental  horse  serum,  hog  cholera  virus,  and 
horse  serum  hog  cholera  vaccine : 

1.  Horse  serum  virus  ( i/4-hour  horse  serum)  does  not  repre- 
sent a  mere  dilution  of  the  given  hog  cholera  virus. 

2.  A  residence  of  hog  cholera  virus  for  a  half  hour  in  the 
circulatory  system  of  the  horse  appears  to  activate  the  virus. 

3.  Half-hour  horse  serum  virus  is  capable  of  producing  typ- 
ical acute  hog  cholera  when  injected  subcutaneously,  in  rela- 
tively small  doses  (4  cc),  into  healthy  hogs. 

4.  The  minimal  fatal  dose  of  highly  virulent  hog  cholera 
serum  may  perhaps  be  found  at  some  point  between  1/215  and 
1/300  cc. 

Experimental  Hyperimmunization  with  Half-hour  Horse  Serum  ViruB. 

The  possibility  of  successfully  producing  hyperimmune 
serum  by  substituting  horse  serum  virus  for  virulent  hog 
cholera  serum  in  the  hyperimmunizing  process  was  sug- 
gested by  some  of  the  results  obtained  during  the  laboratory 
and  field  work  in  1908.*^ 

It  was  deemed  advisable,  however,  to  first  begin  the  study 
of  the  experimental  horse  serum  virus  and  attempt  to 
determine  whether  this  is  composed  of  mere  diluted  hog 
cholera  serum  or  really  activated  virus.  After  it  was  found 
that  the  V^-hour  horse  serum  produced  quite  constant  results 
when  injected  into  susceptible  pigs,  and  that  these  results 
were  more  uniform  than  those  from  corresponding  dilutions 
in  normal  horse  blood  in  vitro  and  in  physiological  salt  solu- 
tion, certain  preliminary  tests  were  planned  for  the  purpose 
of  determining  whether  protective  hyperimmune  serum  could 
be  prepared  from  the  V^-hour  horse  serum  virus. 

There  can  be  no  doubt  but  that  the  successful  application 
of  horse  serum  virus  in  producing  active  hyperimmune  serum 
would  be  of  distinct  practical  advantage.  In  attempting  to  so 
modify  the  technique  involved  in  the  preparation  of  the  hyper- 
immune serum,  as  at  present  manufactured  according  to  the 

6.  Bulletin  157,  Kansas  State  Experiment  Station,  "Studies  on  Hog  Cholera  and  Preventive 
Treatment,"  p.  57. 
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original  Dorset-Niles  method,  the  practical  purpose  involves 
the  reduction  of  expense  and  inconvenience  attending  the 
method.  If  such  a  modification  could  be  successfully  made,  the 
greatest  item  of  expense  involved  in  the  present  production 
of  hyperimmune  serum  would  be  removed.  This  can  readily 
be  shown  by  the  following  conservative  estimate: 

1.  Horse  serum  virus  assumed  as  hyperimmunizing  agent, 

based  upon  the  use  of  one  horse  for  one  3^ear: 

Initial  cost  of  horse $100  00 

Feed  for  one  year  (4  tons  hay,  100  bu.  grain) ,      75  00 
Labor  attending  horse 60  00 

Total   $225  00 

Virus  for  injecting  horse  furnished  by  test  pigs.  Amount 
of  serum  possible  to  secure  from  one  horse  in  one  year,  50,000 
cc.  Number  of  hogs  possible  to  hyperimmunize  with  this 
serum,  50. 

2.  By  the  present  method  three  to  five  pigs  are  necessary  in 
order  to  furnish  sufficient  virus  to  hyperimmunize  one  250- 
pound  hog. 

Cost  of  three  to  five  50-poimd  pigs,  at  $4  to  $8 

(approximate)   $18  00 

Cost  of  hyperimmunizing  50  hogs,  at  $18. . . .       900  00 

Labor  and  feed,  exclusive  of  that  pertaining 

to  hyperimmune  hogs 100  00 

Total   $1,000  00 

Cost  of  hyperimmunizing  50  hogs  by  latter 

method    $1,000  00 

Cost  of  hyperimmunizing  50  hogs  by  former 

method 225  00 

Difference  $775  00 

Not  only  would  this  modification  lessen  the  cost  of  produc- 
tion, but,  providing  the  serum  were  potent,  it  would  also  prove 
to  be  a  valuable  factor  in  providing  a  sterile  virus.  Large 
quantities  of  blood  can  be  aseptically  drawn  from  the  horse, 
defibrinated  and  stored  in  the  refrigerator  for  a  relatively 
long  period.  On  the  other  hand,  according  to  the  present 
methods  of  securing  virus  from  cholera-diseased  pigs,  the 
material  is  frequently  contaminated  and  must  be  used  soon 
after  being  obtained.  Assuming  that  this  suggested  modified 
method  could  be  successfully  applied,  the  manufacture  of 
hyperimmune  serum  would  resolve  itself  into  a  comparatively 
simple  and  convenient  process.  All  hogs  utilized  in  the  work 
— a-171 
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might  well  serve  a  twofold  purpose.  Of  the  test  pigs  used  in 
determining  the  potency  of  given  lots  of  h3i>erimmune  serum 
the  controls  could  furnish  the  virus  to  be  injected  into  the 
horse,  while  those  test  animals  which  received  protecticm 
could  later  be  used  as  hyperinmiunes. 

In  the  present  investigation,  lack  of  time  has  afforded  the 
accumulation  of  only  a  limited  amount  of  data  relative  to  the 
possibility  of  successfully  h3rperimmunizing  with  %-hour 
horse  serum  virus.  The  methods  by  which  seven  inunune  hogs 
were  treated  with  V^-hour  horse  serum  virus,  with  the  result- 
ing effects  on  the  animals,  are  given  in  the  app^ided  table 
(table  17) : 


Table  17.    Experimental  hypeiimmunizatkm  with  bone  aenun  tutob. 

Na 

^- 

Method  of 

Annnrnt  injected,  cc. 
and  time  intervening 
between  injections. 

Total 

amt.in. 

jested. 

oc 

ReMlta. 

70 

80 

IntimTeDoas  and  Intn* 
peritoneal  "quick." 

100  Intravenooa. 

•00 

Precmnt  sew.  abvtsi. 
and  died  in  80  boon. 

7S 

100 

neaL 

1.000 

1.000 

Remained  weO. 

76 

80 

"Slow."  eabciitaneoas. 

100-260 
11  days. 

860 

Pncnantsow.  dMiaS 
hours. 

77 

120 

"Quick."    faitraperito- 
neat 

600 

000 

77 

120 

"Quick."    intraperito- 
neal. 

Rehyperinununization. 
850 

860 

Remained  welL 

86 

180 

' '  Slow. ' '  subcutaneouB. . 

180-826--660 
10  da.    7  da. 

1.106 

Remained  wen. 

103 

126 

Intravenous  and  intra- 
peritoneal, "quick." 

800  intravenous. 
200  intraperitoneal 

600 

With  the  exception  of  hogs  70,  73  and  76,  none  showed  any 
serious  effects  from  the  injection,  other  than  a  slight  soreness, 
which  passed  off  in  a  few  hours.  Hogs  70  and  76  were  in  ad- 
vanced stages  of  pregnancy.  They  became  violently  ill  after 
receiving  the  serum.  Hog  76  died  the  same  day.  Hog  70 
aborted  the  second  day,  dying  that  night.  Hog  73,  which  re- 
ceived 100  cc.  of  the  serum  intraperitoneally,  became  sick  soon 
after  being  removed  from  the  table.  The  animal  vomited  and 
showed  a  general  depression,  but  was  apparently  again  normal 
in  four  hours,  and  remained  well. 

From  the  few  results  which  have  been  obtained,  it  does  not 
appear  that  the  phenomenon  of  anaphylaxis  seriously  interferes 
with  the  successful  inoculation  of  immune  hogs  with  relatively 
large  quantities  of  horse  serum  virus. 
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The  serums  from  each  of  the  experimental  hyperimmune 
hogs  indicated  in  table  17,  with  the  exception  of  hogs  70  and 
76,  were  tested  for  potency.  In  performing  these  tests  the 
usual  technique  employed  in  securing  and  testing  hyperimmune 
serum  was  used.  Only  a  relatively  small  portion  of  blood  (26 
to  100  cc.)  was  drawn  from  each  experimental  hyperimmune 
hog. 

Table  18  shows  the  results  of  the  first  test.  This  material 
consisted  of  the  blood  from  experimental  hyperimmune  hog: 
No.  77.  The  blood  was  obtained  on  April  13,  1910,  sixteen 
days  after  the  animal  had  received  intraperitoneally  600  cc.  of 
i/^-hour  horse  serum. . 

Table  18.    Experiment  with  firet  drawing  of  serum  from  hog  77. 


Hot 

Wt. 

IbB. 

lUterial  injeeted. 

Ncl: 

Date. 
1910. 

Results. 

Autopsy. 

96 

100 

40  ec  Mram. 
2ec.  yirus. 

April  14 

Remained  well 

' 

97 

140 

20  cc  serum. 
2  cc.  virus. 

April  14 

Symptoms.  April  28. 
Bled  April  26. 

Typical  lesions. 

96 

100 

2  cc.  virus. 

April  14 

Symptoms.  April  23. 
Died  April  29. 

Typical  lesions. 

Plate  V.    Experimental  hyperimmune  hosr  No.  77. 
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Platb  VI.    Test  boss  96  and  97,  and  control  hos  98,  twelve  days 
after  inoculation. 
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In  the  above  test,  hog  96,  which  received  40  cc.  of  the  serum 
together  with  2  cc.  of  virus,  was  fully  protected  by  the  experi- 
mental serum.  Hog  97,  which  weighed  140  pounds  and  which 
was  injected  with  20  cc.  of  the  serum  simultaneously  with  the 
virus,  received  no  protection. 

Experimental  hyperimmune  hog  77  was  bled  a  second  time 
on  April  20,  twenty-three  days  after  receiving  the  intraperi- 
toneal injection  of  horse  serum  virus,  and  seven  days  after 
the  first  bleeding.  The  results  of  the  test  with  this  experi- 
mental hyperinmiune  serum  are  shown  in  table  22  and  the 
corresponding  temperature  curves  in  tables  23,  24  and  25. 

Table  22.    Experiment  with  second  drawing  of  serum  from  hog  77. 


No. 

wt.. 

Mmteriftl  inJMted. 

Inoculation. 

Autopsy. 

boe. 

Data, 
19ia 

Results. 

loe 

160 

40  cc  sertim. 
2cc  virus. 

Apr.  26 

Remained  well. 

104 

60 

20ccBenim. 
SccTims. 

Apr.  26 

Remained  wen. 

106 

GO 

2  cc  virus. 

Apr.  26 

Symptoms  May  6. 
Died  May  9. 

Typical  lesions. 
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Table  23. 
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Table  25. 
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Platb  Vn.    Test  hoKs  102  and  104,  and  control  hog  106,  fourteen  days  after  inoculation. 

In  the  above  test  the  control  hog,  No.  105,  died  fourteen  days 
after  inoculation,  showing  typical  lesions  of  acute  hog  cholera. 
Test  hogs  102  and  104,  aside  from  thermal  reactions  following 
inoculation,  remained  in  a  normal  condition. 

On  May  25,  hog  77  was  experimentally  rehyperimmunized 
by  being  injected  intraperitoneally  with  350  cc.  of  i^-hour 
horse  serum  virus.  A  small  quantity  of  blood  was  drawn  from 
this  hog  on  June  13,  nineteen  days  after  the  injection  of  the 
virus.  The  test  of  this  blood  and  corresponding  temperature 
curves  may  be  found  in  appended  tables  26,  27,  28  and  29. 


Platb  VIII.    Control  hog  106,  fourteen  days  after  inoculation. 
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Test  hog  121,  which  weighed  120  pounds,  and  which  received 
40  cc.  of  the  serum  with  3  cc.  of  virus,  did  not  gain  protection. 
This  pig  died  fifteen  days  after  inoculation,  and  the  autopsy 
showed  typical  lesions  of  cholera.  Test  hog  120,  which  weighed 
90  pounds  and  was  injected  with  20  cc  of  the  serum  with  2  cc 
of  virus,  maintained  a  normal  condition  throughout,  with  the 
exception  of  a  marked  temperature  reaction. 

Table  26.    Experiment  with  first  drawing  of  serum  from  hog  77,  after 
experimental  rehyperimmunization. 


Hot 

wt.. 

Ibfl. 

Material  injected. 

Inoculation. 

Aotoitsy. 

Na 

Date. 
1910. 

BeMiltB. 

120 

90 

20ecMnim. 
2ccvinia. 

Jane  18 

121 

120 

40  cc.  Berom. 
Sec.  vinu. 

June  IS 

Ssrmptoms,  June  24. 
Died  June  27. 

Typical  lessons. 

122 

110 

2cc  virus. 

June  IS 

Symptoms.  June  22. 
Died  June  27. 

Typical  kwoas. 

Variation  in  susceptibility  may  perhaps  be  offered  as  an  ex- 
planation of  the  result  of  the  above  test,  which  proved  to  be 
the  only  one  of  this  experimental  series  which  did  not  yield 
logical  results.  Control  pig  122  showed  marked  sjonptoms  of 
hog  cholera  nine  days  after  inoculation,  and  died  on  the  four- 
teenth day.    Autopsy  revealed  characteristic  lesions. 
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Table  28. 
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Table  29. 


/l? 

/4 

/l 

(6 

/7 

//7 

/.? 

^tf 

^/ 

u 

2J 

^4' 

kS 

^6 

17 

£,a 

H  a 

M   B 

M  a 

■  a 

M  a 

■  a 

M    B 

H  a 

■  a 

M   B 

M   B 

■    B 

■  % 

M  a 

m  u 

m  a 

M  a 

m  a 

m  B 

■  a 

H    B 

IM* 

I<R' 
1«' 
KH' 

^^ 

f-" 

=> 

M 

}A^ 

St 

'M 

^~ 

Table  30.    Experiment  with  first  drawing  of  serum  from  hog  73. 


Hoc 

wt.. 

Material  injected. 

Inoculation. 

Autopsy. 

nJ 

Date. 
1010. 

BeMiltB. 

lU 

60 

25  cceerum. 
2  cc.  virus. 

June  2 

Symptoms.  June  17. 
Died  June  21. 

No  marked 
lesions. 

U6 

60 

20  ee.  oerum. 
2  cc  vims. 

Jane  2 

Symptoms.  June  20. 
Died  June  26. 

Lesions  not 

m 

00 

2  ccviroa. 

Junes 

Symptoms.  June  14. 
Died  June  19. 

Typical  lesions. 

U9 

55 

2  cc  vima. 

June  2 

Symptoms.  June  9. 
Died  June  11. 
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On  June  1,  twenty-four  days  after  injection,  experimental 
hyperimmune  hog  78  (table  17)  was  relieved  of  50  oc  of 
blood,  which  was  tested  on  hogs  114  and  116.  The  residts  of 
this  test  and  corresponding  temperature  curves  are  given  in 
tables  30  to  34. 

The  results  of  the  above  test  clearly  indicate  that  the  ex- 
perimental hyperimmune  serum  was  not  sufficiently  i>otent 
to  furnish  complete  protection.  At  the  same  time,  this  serum 
evidently  did  possess,  to  some  degree,  protective  properties. 
Both  controls,  pigs  117  and  119,  manifested  symptoms  of  the 
disease  after  twelve  and  seven  dasrs'  incubation,  died  on  the 
seventeenth  and  ninth  dasrs,  respectively,  and  neither  of  the 
serum  pigs,  Nos.  114  and  116,  showed  clinical  symptoms, 
other  than  a  rise  in  temperature,  which  promptly  subsided, 
until  after  incubation  periods  of  fifteen  and  eighteen  days  re- 
spectively. Autopsies  performed  on  pigs  114  Bnd  116,  which 
died  in  nineteen  and  twenty-four  days  respectively,  showed  no 
marked  lesions  of  cholera  in  either  case.  Test  pig  114,  on  June 
2  was  injected  with  16  cc  of  serum  together  with  2  cc  of  virus. 
It  was  decided  that  this  dose  of  15  cc.  of  the  serum  should  be 
increased,  consequently  an  additional  dose  of  10  cc  was  given 
the  next  morning,  making  a  total  dosage  of  25  cc  of  serum, 
as  shown  in  table  30.  This  pig  showed  a  shorter  incubation 
period,  and  died  five  days  earlier,  than  did  the  test  pig  116, 
which  received  20  cc.  of  the  serum.  A  glance  at  the  tempera- 
ture charts  of  test  pigs  114  and  116  shows  that  both  animals 
exhibited  thermal  reactions  after  periods  of  time  corree^nd- 
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ing  to  those  of  control  pigs  117  and  119,  yet  neither  test  pig^ 
manifested  any  other  clinical  sjmiptoms  for  several  days. 
These  results,  taken  in  connection  with  the  fact  that  experi- 
mental  hyperimmune  hog  No.  78  received  a  single  intraperi- 
toneal injection  of  1000  cc.  of  horse  serum  virus  per  100 
pounds  weight,  possibly  warrant  the  suggestion  that  while  the 
blood  contained  theoretical  antibodies  at  the  time  of  bleeding^ 
yet  not  all  of  the  virus  had  been  absorbed. 

From  hog  86  (table  17)  90  cc.  of  blood  was  drawn  on  June 
10,  sixteen  days  after  the  last  subcutaneous  injection  of  horse 
serum  virus.  The  results  from  the  test  of  this  serum,  which 
are  presented  in  table  53,  were  similar  to  those  of  the  pre- 
ceding test.  The  temperature  curves  of  the  animals  used  on 
this  test  may  be  found  in  tables  36,  37,  38  and  39.  A  glance 
at  table  17  will  show  that  hog  86,  from  which  this  blood  was 
taken,  weighed  180  pounds  and  received  a  total  of  1105  cc  of 
virus.  It  is  quite  possible  that  a  portion  of  this  virus  was  not 
absorbed  when  the  animal  was  bled,  sixteen  days  after  it  had 
received  the  last  injection  of  virus.  This  view  is  supported 
by  the  fact  that  only  in  the  case  of  two  tests,  those  of  the  blood 
of  hogs  78  and  86,  which  received  1000  cc  and  1105  cc  of  the 
virus  respectively,  were  like  results  obtained. 

Table  85.    Experiment  with  first  drawing  of  serum  from  hog  86. 


TToK 

lbs. 

Material  ipj«ct«l. 

InoculatioD. 

Autopsy. 

No. 

Date. 
1910. 

Results. 

117 

60 

lOccsemm. 
2  cc  vims. 

June  18 

Symptoms.  June  80. 
Died  July  4. 

Slisht  lesions. 

128 

120 

40ec.s«nim. 
2ocTira8. 

Jane  18 

Symptoms.  June  80. 
Died  July  4. 

Sliffht  lesions. 

129 

80 

2ccyiras. 

June  18 

Sjrmptoms.  June  28. 
Died  July  2. 

Typical  lesions. 

180 

86 

2cc.  virus. 

June  18 

Symptoms,  June  27. 
Died  July  2. 

Typicallesions. 

Experimental  hyperimmune  hog  No.  108  (table  17)  was  in- 
jected intravenously  and  intraperitoneally  with  500  cc  of 
horse  serum  virus  on  May  15.  On  June  8,  twenty-four  days 
after  the  injection,  200  cc.  of  blood  was  drawn  from  hog  108 
and  submitted  to  test,  as  shown  in  table  40.  The  correspond- 
ing temperature  curves  are  indicated  in  tables  41,  42  and  48. 
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Table  40.    Experiment  with  first  drawing  of  serum  from  hog  103. 


Hot 

Lbs. 

Material  injected. 

Inoculation. 

nT 

Date. 

1910. 

ReMilt 

Autcq^My. 

128 

120 
100 

40  cc  serum. 
2ee.  vims. 

June  13 

• 

124 

20ccsenim. 
2  cc  virus. 

June  18 

Symptoms.  June  22. 
Died  June  26. 

Hemuniiasic 
lesions. 

126 

100 

2cc  virus. 

June  IS 

Symptoms,  June  20. 
Died  June  24. 

Typical  lesions. 
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From  a  practical  point  of  view  the  results  of  this  test  were 
satisfactory.  Test  pig  123,  which  weighed  120  pounds,  and 
which  received  40  cc.  of  the  serum  simultaneously  with  3  cc. 
of  virus,  evidenced  a  marked  thermal  reaction  a  few  days 
after  treatment,  thus  showing  absence  of  natural  immunity^ 
The  rise  in  temperature  subsided  in  five  days  and  the  animal  re- 
mained normal.  Test  pig  124,  which  weighed  100  pounds, 
and  which  received  20  cc.  of  serum,  continued  on  feed  for  a 
few  days  after  the  control  pig,  No.  125,  showed  severe  symp- 
toms. This  pig  died  two  days  after  the  death  of  the  control 
animal.  Autopsies  of  the  two  animals  showed  a  marked  con- 
trast, as  typical  lesions  of  cholera  were  present  in  the  control 
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pig,  while  test  pig  No.  124  showed  only  hemorrhagic  changes, 
the  lungs,  intestines,  spleen  and  lymphatic  glands  appearing 
normal.  It  should  be  stated  that  test  pig  124  was  not  in  a 
thrifty  condition  at  the  beginning  of  the  experiment. 

The  results  from  the  above  preliminary  experiments  rela^ 
tive  to  the  attempted  hyperimmunization  with  horse  serum 
virus  make  possible  the  following  suggestions : 

1.  Horse  serum  and  defibrinated  horse  blood  may  be  in- 
jected into  hogs  in  relatively  large  quantities,  subcutaneously, 
intraperitoneally  and  perhaps  intravenously,  without  danger 
of  loss  from  hjrpersusceptibility  to  the  foreign  blood. 

2.  Half-hour  horse  serum  virus,  when  injected  into  immune 
hogs  according  to  the  general  technique  employed  in  the  orig- 
inal Dorset-Niles  method,  causes  the  production  of  protective 
substances  in  the  blood  of  the  treated  animals. 

3.  The  degree  of  potency  of  the  hyperitnmune  serum,  pre- 
pared by  the  experimental,  modified  method,  may  depend  upon 
the  amount  of  horse  serum  virus  used  and  the  method  of  ap- 
plication. 
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PART  11. 

HEMATOLOGICAL  STUDIES. 

Supplementary  to  the  experiments  outlined  in  part  I  of  this 
bulletin,  studies  were  made  of  the  blood  of  two  of  the  experi- 
mental horses  used  in  the  work,  and  of  the  blood  of  normal  and 
diseased  hogs.  Inasmuch  as  material  for  hematological  studies 
was  practically  always  available,  this  phase  of  the  work  was 
considered  of  suflScient  interest  and  importance  to  justify  its 
prosecution,  in  the  hope  that  the  results  might  contribute,  in 
some  small  measure,  to  the  knowledge  of  hog  cholera.  Studies 
were  made,  therefore,  (1)  to  observe  the  influence  exerted  by 
hog  cholera  virus,  injected  intravenously,  upon  the  histological 
structure  of  horse  blood,  and  (2)  to  collect  additional  data 
relative  to  the  comparative  histological  structure  of  the  blood 
of  normal  and  diseased  (hog  cholera)  swine. 

Ohservationa  relative  to  the  influence  exerted  by  hog  cholera  virua,  in- 
jected intravenously f  upon  the  histological  structure  of  normal  horse 
blood. 

In  Bulletin  157  of  this  Experiment  Station,  the  suggestion 
was  made  that  the  intravenous  injection  of  hog  cholera  serum 
into  the  horse  possibly  caused  some  toxic  action  peculiar  to  the 
virus.  As  yet,  no  definite,  positive  statement  can  be  made  re- 
garding this.  It  is  apparent,  however,  that  the  normal  horse 
cannot  receive,  intravenously,  a  larger  dose  than  approxi- 
mately 200  cc.  of  hog  cholera  serum  without  considerable  dan- 
ger of  death.  While  the  substitution  of  normal  hog  serum  for 
hog  cholera  serum  causes  similar  symptoms,  the  results  af- 
forded by  limited  observations  show  that  the  symptoms  are 
much  less  pronounced  in  the  case  of  normal  hog  serum.  More- 
over, as  well  as  can  be  determined,  no  distinct  hsrpersensitiza- 
tion  follows  the  introduction  of  repeated  injections  of  hog 
cholera  serum  into  the  horse.  It  has  been  observed,  however,, 
that  repeated  intravenous  injections  of  hog  cholera  virus 
causes  a  gradually  decreasing  tolerance  on  the  part  of  the 
horse  toward  the  virus.  As  a  possible  aid  in  studsdng  the 
nature  of  the  action  of  hog  cholera  virus  upon  the  horse,  a  num- 
ber of  observations  were  made  relative  to  the  histological 
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structure  of  horse  blood  before  and  after  the  intravenous  in- 
jection of  the  animal  with  hog  cholera  serum. 

The  usual  technique  was  employed  in  this  work.  The  red  and 
white  corpuscles  were  counted  with  the  Thoma  hematocy- 
tometer,  Zappert  ruling.  For  differential  counts  of  the  leuco- 
cytes, Wright's  staining  solution  was  used.  The  hemoglobin  was 
estimated,  with  Dare's  hemoglobinometer.  Hammerschlag's 
method  was  employed  in  determining  the  specific  gravity,  and 
Wright's  method  was  used  in  estimating  the  time  of  coagula- 
tion. 


» 

Iablb  44.    Treatment  of  experimental  horses. 

No. 

No.  of 
bleedhiff. 

Ibe. 

Date  of 
injection. 

Amt. 

of 
virus 

in- 
jected. 

Approxi- 
mate 
dilution 
of  virus. 

Period  of  residence 
of  virus  in  horse. 

Lot 

of 

serum. 

1 
1 

Istbleedinff.. 
2d        "       .. 
1st      " 
3d        " 
2d        "        .. 
4th      •*        .. 
let      ••        .. 
8d        '* 
6th      *•       .. 

.  1.150 
.     1.160 

800 
.     1.160 

800 
.  1.160 
.     1.050 

800 
.     1.150 

12     80.1909 

2  12, 1910 

3  14.  1910 

4  4.  1910 

5  7.  1910 

6  20.1910 
5     24.  1910 

7  2. 1910 
7     11. 1910 

100  cc. 

100 

100 

120 

140 

40 
180 

20 

20 

Ito  344.7... 
Ito  844.7... 
Ito  240.8... 
Ito  287.2... 
Ito   171.7... 
Ito  861.8... 
Ito   244.2... 

Itol202 

Itol724..... 

^.1.2.3Miand9hour8. 

Hand9hour8 

Hhour 

A 

B 

c 

1 

V<»  hour 

D 

? 

Hhour 

E 

1 

^  and  1  hour 

F 

8 

H  hour 

G 

ffl 

Va  hour 

H 

1 

Vihour 

I 

Table  44,  which  is  a  duplicate  of  table  2,  part  I,  shows  at  a 
glance  the  weight  of  the  animals  used,  the  amount  of  virus 
which  they  received  and  the  time  of  bleeding.  The  following 
appended  notes  indicate  in  detail  the  observations  relative  to 
the  treatment  of  the  animals  with  hog  cholera  serum : 

Horse  No.  1,  bay  gelding,  15  years  old,  wei^t  1150  pounds.  In  good 
condition  except  lameness  in  fore  legs,  due  to  laminitis.  Normal  tempera- 
ture 99.5  degrees,  pulse  42,  strong  and  regular,  respiration  16. 

On  December  30,  at  8:15  A.  M.,  was  injected  intra jugularly  with  100  cc 
of  hog  cholera  virus.  Five  minutes  after  receiving  the  virus  the  horse 
showed  evidence  of  abnormal  conditions.  Pulse  accelerated  and  respira- 
tion and  temperature  increased.  Borborygmus  pronounced.  Pupils  di- 
lated and  eyes  had  staring  appearance.  Animal  became  restless  and  ex- 
cited. Evacuation  one-half  hour  after  injection.  During  the  next  half 
hour  had  seven  evacuations,  the  feces  being  quite  watery.  Abdominal 
pains  were  shown,  the  animal  striking  and  biting  at  abdomen.  At  the 
end  of  an  hour  and  a  half  the  animal  was  apparently  normal.  On  Feb- 
ruary 12  horse  No.  1  was  injected  with  100  cc.  of  virus.  When  80  cc 
had  been  injected  the  horse  showed  signs  of  uneasiness,  which  became 
more  marked  as  he  received  the  other  20  cc.  The  horse  was  immediately 
removed  from  the  stocks.  In  three  minutes  violent  symptoms  appeared. 
The  animal  reeled  and  staggered,  almost  falling  at  times.  Broke  out  in 
profuse  perspiration.     Pupils  became  dilated  and  conjunctiYa  somewhat 
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congested.  Peristalsis  increased.  Had  passage,  normal  in  consistency, 
ten  minutes  after  injection.  Numerous  defecations  for  an  hour.  Epis- 
taxis  from  both  nostrils  fifteen  minutes  after  injection.  At  this  time 
pulse  60  and  respiration  30. 

One-half  hour  after  injection  1600  cc.  of  blood  was  drawn  aseptically 
from  jugular  vein.  The  removal  of  this  blood  seemed  to  relieve  the 
horse,  and  he  immediately  became  more  alert. 

Injected  again  April  4  with  120  cc.  virus.  Twenty  minutes  after  in- 
jection pulse  and  respiration  accelerated.  Pulse  50,  respiration  21,  eyes 
dull  and  staring.  Had  first  evacuation  twenty-five  minutes  after  injec- 
tion. At  intervals  of  two  minutes  had  six  evacuations,  each  evacuation 
being  more  watery  than  the  preceding  one.  Forty  minutes  after  injection 
pulse  55,  respiration  24.  Perspired  freely  at  times.  One  hour  after  in- 
jection appeared  to  be  recovered  from  shock.  Pulse  action  and  respira- 
tion practically  normal. 

On  May  20,  3  p.  M.,  injected  with  40  cc.  of  hog  cholera  serum.  Ten 
minutes  later  animal  neighed  pitifully  and  seemed  to  be  in  a  dazed  con- 
dition. Eyes  staring  and  expressionless.  Hemorrhage  from  nose.  Had 
considerable  difSculty  keeping  on  feet.  Had  several  watery  evacuations. 
After  five  minutes  these  symptoms  gradually  decreased  in  intensity.  The 
40  cc.  injected  this  time  produced  a  more  severe  reaction  than  the  100  cc. 
in  former  injection. 

Horse  No.  1  was  again  injected,  on  July  11,  with  20  cc.  virus.  The 
same  general  symptoms  appeared  as  in  former  injections,  but  were  less 
violent  and  of  shorter  duration.  For  an  hour  after  bleeding  the  horse 
was  quite  sick,  refusing  feed  and  water  and  frequently  striking  at  abdo- 
men as  if  intestinal  pain  were  present.  At  six  o'clock  horse  appeared  to 
be  recovered  from  the  injection,  eating  and  drinking  well.  Pulse,  tempera- 
ture and  respiration  normal  at  this  time.  The  animal  received  a  fifth 
injection  with  20  cc.  of  virus  on  July  2.  Resulting  symptoms  practically 
the  same  as  those  in  the  preceding  injection. 

Horse  No.  2,  gray  gelding,  broncho  stock,  weight  800  pounds;  thick 
winded  and  heavey;  otherwise  in  good  condition.  Normal  pulse  42,  rather 
irregular,  respiration  20,  temperature  99.5  degrees. 

On  March  14,  9  a.  m.,  was  injected  intrajugularly  with  100  cc.  of  hog 
cholera  virus.  No  symptoms  resulted  from  the  injection  other  than  that 
the  heart  action  and  respiratory  movement  were  slightly  quickened. 
Coughed  and  passed  flatus,  which  was  probably  caused  by  the  exercise  in 
the  lot  after  injection.  No  distinct  action  on  intestinal  tract,  such  as  was 
characteristic  in  horse  No.  1. 

Horse  No.  2  injected  again,  May  7,  at  3:15  P.  M.,  with  140  cc.  of  virus. 
No  symptoms  were  apparent  for  twenty  minutes.  At  this  time  breathing 
became  difficult,  and  the  animal  was  somewhat  depressed.  Perspired 
slightly,  pulse  quickened,  irregular  and  weak.  Had  first  defecation  in 
thirty  minutes,  feces  normal.  In  five  minutes  more  another  defecation, 
more  watery  than  the  first.  One-half  hour  after  injection  400  cc.  of 
blood  was  drawn  from  the  jugular  vein.  One-half  hour  later  330  cc.  more 
was  drawn. 
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Tables  45,  46,  47,  48  and  49  indicate  the  results  obtained 
from  the  study  of  the  blood  of  the  horse  before  and  after  the 
injection  with  hog  cholera  virus.  In  tables  50  to  53  below  are 
placed  the  averages  of  those  results  which  showed  evident 
changes  in  the  histological  strycture  of  the  blood  following  the 
injection  of  the  virus. 

Table  52.    Comparative  average  results  from  study  of  the  blood,  horse  1, 
before  and  after  three  intravenous  injections  with  virus. 


Before  injectjon. 


One-half  hour 
after  injection. 


No.  erythrocytes. 

No.  leucocytes 

Per  cent  lymphocytes 

' '        larse  m<monuclears . 

' '        polynudears 

' '        eosinophiles 

transitional  forms . . 

"        mast  cells 

* '        hemofflohin 

Specific  flrravity 

Time  of  coagulation 


7.400.000 
n.440 
41.2 
2.5 
49.8 
8.1 
.66 
.12 
87 
1.060 
8  min..  10  sec. 


6.204.000 
16.160 
49.2 
.9 
44.2 
6 


.2 
84 
1.066 
8  min..  8  sec 


Table  53.    Comparative  average  results  from  study  of  the  blood,  horse  2, 
before  and  after  two  intravenous  injections  with  virus. 


Before  injection. 


One-half  hour 
after  injection. 


No.  erythrocytes 

No.  leococytes \ 

Per  eent  lymphocytes 

' '        larsre  mononuclears. 

"        polynuclears 

' '        eosinophiles 

'  *        transitional  forms 

'  *        mast  cells 

"        hemoglobin 

gpeciflc  gravity 

Time  of  coagulation 


8.460.000 
U.076 
61.8 
2.2 
42.9 
8.4 
.6 
.27 
96 
1.060 
8  min..  ffl  sec. 


6.760.000 
16.800 
88.6 
1.9 
68 
6.4 
.4 
.6 
89 
1.067 
8  min..  10  sec 


According  to  the  results  shown  in  tables  ^2  and  53,  a  period 
of  residence  of  one-half  hour  of  hog  cholera  serum  in  the  circu- 
latory system  of  the  horse  causes  the  following  changes  in  the 
blood  of  the  horse : 

1.  A  decrease  of  approximately  one  and  one-half  million 
erythrocytes. 

2.  Marked  leucocytosis,  there  being  an  increase  of  over 
4000  leucocjrtes. 

3.  A  loss  of  approximately  4  per  cent  of  the  hemoglobin. 

4.  A  decrease  in  the  specific  gravity  and  slight  decrease  in 
the  time  of  coagulation. 
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Comparative  histological  structure  of  the  blood  of  normal  and  diseased 

{hog  cholera)  surine. 

According  to  Burnett®  the  literature  contains  the  following 
summarized  data  relative  to  the  structure  of  the  blood  of  nor- 
mal swine : 

"  Table  IX.    Summary  of  examination  of  the  blood  of  normal  swine  bj  different 

inveetiffators. 


Red 
corpuscles 
per  cmm. 

Leuco- 
cytes per 
cmm. 

7,840 
19,000 

Hemo- 
globin 
percent. 

Specific 
gravity. 

Size  of  red 

corpuscles, 

microns. 

5.26—7.9 

Author. 

6.960.000 

Bethe. 

7.924.000 

88 

Giltner. 

6 

Gulliver. 

5.441.000 

Stoltsinff. 

8.045.000 

4.928.000* 

U.618 

Storch. 

1.060 

6 

Sussdorf. 

8.668.200 



Wendelstadt  und  Bleibtreu. 

•Pi»8  6-36  days  old." 

Drake  obtained  the  following  percentages  of  the  varieties 
of  leucocytes  in  the  blood  of  normal  swine : 

Average, 

Lymphocytes  33-77%  56.4  % 

Polynuclears   18-66  38.46 

Eosinophiles   1-12  5.13 

Giltner  gives  the  following  percentages : 

Lymphocytes  30.0-79.8%  51.6  % 

Large  mononuclears 0.8-10  4.6 

Polymorphs  13.0-60  37.0 

Eosinophiles   1.2-11  5.2 

Mast  ceUs  0.2-05.6  1.3 

In  view  of  the  fact  that  comparatively  little  work  has  been 
done  on  the  study  of  the  blood  of  normal  hogs,  it  appeared 
necessary  that  as  many  specimens  of  normal  blood  as  possible 
should  be  studied,  in  order  to  obtain  comparative  results  of 
any  value.  Accordingly,  a  careful  study  was  made  of  the 
blood  of  43  normal  swine.  The  same  technique  was  used  as 
in  the  case  of  the  study  of  the  horse  blood.  The  results  of 
this  work  are  shown  in  table  54,  while  the  results  obtained 
from  the  study  of  22  animals  suffering  from  hog  cholera  are 
shown  in  table  55. 

A  comparative  study  of  the  blood  from  normal  and  diseased 
(hog  cholera)  swine  showed  several  interesting  changes  in 
the  case  of  hog  cholera  blood.    The  number  of  erythrocytes 

6.  Burnett,  textbook.  "Clinical  Pathology  of  the  Blood  of  Domesticated  Animals."  p.  48. 
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and  the  hemoglobin  content  were  decreased,  the  anemic  con- 
dition increasing  according  to  the  progress  of  the  disease. 
Frequently  poikiloc>i:osis  was  observed  in  the  blood  from  severe 
cases  of  the  disease. 

Leucopenia  was  shown  in  the  blood  of  the  diseased  hogs, 
there  being  an  average  decrease  of  nearly  5000  leucocytes  per 
cmm.  This  depletion  in  leucocytes,  as  shown  by  the  average 
differential  counts,  involved  the  decrease  of  4  per  cent  of 
lymphocytes,  4  per  cent  of  the  polynuclears  and  0.1  per  cent  of 
the  eosinophils.  The  blood  from  diseased  hogs  contained  an 
average  increase  of  4.8  per  cent  large  mononuclears,  2.8  per 
cent  mast  cells  and  0.8  per  cent  transitional  forms. 

The  specific  gravity  was  slightly  lowered  and  the  time  of 
coagulation  increased  one  minute. 

These  results  suggest  that  the  changes  in  the  structure  of 
the  blood  of  hogs  suffering  from  hog  cholera  are  analogous  to 
those  in  cases  of  typhiod  fever  in  man. 
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Kansas  State  Bxpihument  Station, 
Department  of  Entomology  and  Zoology. 

Manhattan,  Kan.,  October  5,  1910. 
Ed.  H.  Webster y  Director: 

Sir— The  supply  of  station  bulletin  No,  152,  entitled  "The  Pocket 
Gopher/'  has  now  become  exhausted  and  the  demand  on  the  part  of 
alfalfa  growers  and  others  has  not  abated.  The  author  of  that  bulletin 
has,  therefore,  prepared  a  revision  of  the  matter  contained,  and  I  hereby 
recommend  the  publication  of  this  revision  as  regular  farm  bulletin 
No.  172.  Respectfully,  T.  J.  Headlee. 
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THE  POCKET  GOPHER. 

By  Theo.  H.  Scheffes. 


INTRODUCTORY  REMARKS. 

The  important  bearing  of  pocket-gopher  'problems  m  ngri- 
isntbmsA  wterei^  has  become  vefry  apparent  in  recent  ycwrs. 
No  oUier  ^sqpedes  of  nafbive  mammals  of  the  state  will  rank  wit^ 
the  pocket  gopher  in  extent  of  injury  to  crops  an(}  obstnrelti«ft 
to  wwk  in  harvesting  them.  From  an  ^canomic  standpoint, 
tberefm^  the  g<^er  is  our  most  destructive  ma^ximai.  There 
am  be  no  doubt,  either,  that  the  numbers  of  the  t^nimal  are  in- 
creasteg  from  year  to  year,  especially  m  the  ^f alfa««rowiiig 
districts  of  central  Kansas.  In  many  localities  there  are  ten 
gophers  now  where  there  was  but  one  a  few  years  ago.  With 
the  43teeidy  increase  in  the  acreage  of  alfalfa  one  may  escp^dt  to 
see  still  more  rapid  multiplication  of  the  species.  This  valu- 
able crop  (alfalfa)  furnishes  just  the  conditions  necessary  to 
make  life  easy  for  a  pocket  gopher.  The  roots  of  the  plant  are 
thick  and  succulent  and  extend  de^  enough  to'  supply  the 
wants  of  the  animal  in  his  natural  range,  or  even  when  he  is 
burrowing  below  the  limits  of  frost  This  food  supply  never 
fails.  Then,  too,  the  ground  is  not  broken  up  by  the  plow  for 
a  period  of  years  and  the  surface  scraping  given  by  the  harrow 
or  disk  does  not  in  the  least  disturb  these  burrowing  rodents. 
Consequently  vigilance  on  the  part  of  every  landowner  and 
codperation  with  his  neighbor — nothing  short  of  this — ^will  rid 
a'  community  of  the  pockd;  goph^.  We  ^sannot  hope  to  ex- 
terminate the  animal,  for  the  conditions  under  which  he  lives 
are  such  as  to  render  extermination  practically  impossible. 
Like  mice  and  rats,  the  gopher  is  probably  witti  us  to  stay. 
But  the  farmers  of  any  community,  as  well  as  any  individual 
landowner,  can  secure  immunity  from  the  ravages  of  the  pest 
at  little  cost  of  time  and  labor.  More  than  one  thrifty  farmer 
has  assured  me  that  if  one  keeps  careful  watch  of  his  acres, 
the  career  of  any  invading  pocket  gopher  can  be  nipped  short 
at  an  expenditure  of  time  totaling  not  more  than  a  few  hours 
a  year.    The  history  of  the  prairie-dog  and  his  elimination 

(197) 
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from  the  agricultural,  problems  of  western  Kansas  well  fllus- 
trates  what  can  be  done  in  the  case  of  the  gopher.  It  is  no 
longer  a  matter  of  seeking  a  solution  for  the  gopher  problem. 
Solutions  are  at  hand,  but  we  are  lacking  in  persistence  and 
codperation. 

DESCRIPTION  AND  DISTRIBUTION. 

The  common  gopher,  Geomys  hursarius,  belongs  to  a  family 
of  rodents  differing  in  many  respects  from  that  including  the 
squirrels.  The  term  "gopher'*  should  therefore  not  be  ap- 
plied either  to  the  little  striped  ground  squirrel  of  our  prairies 
or  to  the  larger  gray  burrowing  squirrel,  Franklin's  spermo- 
phile. 

General  Appearance. — Our  true  gopher  is  a  short,  thick-set 
fellow,  with  capacious  external  cheek  pockets.  These  are 
wholly  outside  of  the  mouth,  and  are  lined  with  soft  hair 
of  a  lighter  shade  than  that  covering  the  body.  The  latter  is 
dark  brown  in  color,  lighter  beneath,  and  so  soft  and  silky  that 
it  is  not  readily  soiled  by  contact  with  damp  earth.  Some- 
times there  are  white  patches  of  various  sizes  about  the  nose 


Head  of  prairie  pocket  gopher,  showing  entmncM 
to  cheek  pockets  and  grooved  Upper  incisors. 


Digitized  by  VjOOQIC 


Sept  1910.]  The  Pocket  Gopher.  199 

and  throat.  Occasionally  a  pure  white  specimen  is  taken.  The 
tail  is  short  and  scantily  covered  with  hair.  The  bead-like 
eyes  are  about  as  large  as  a  No.  5  shot,  and  external  ears  are 
likewise  not  much  in  evidence.  The  incisor  teeth  are  long  and 
prominent,  the  upper  pair  being  grooved  longitudinally. 

Size. — ^The  adult  animal  varies  somewhat  in  size  in  different 
parts  of  its  range.  Specimens  taken  about  Manhattan  average 
ten  to  eleven  inches  in  length  from  tip  of  nose  to  tip  of  tail. 
The  latter  is  about  three  and  one-fourth  inches  long.  The  hind 
foot  measures  one  and  one-third  inches.  The  average  weight 
is  very  close  to  twelve  ounces.  The  males  are  heavier,  larger, 
and  broader  in  the  shoulders  than  the  females. 

Distribution. — ^The  prairie  pocket  gopher,  Geomys  Bursarius, 
is  distributed  over  that  part  of  the  upper  Mississippi  valley 
which  includes  the  central  and  eastern  parts  of  the  Dakotas, 
N^raska  and  Kansas,  the  whole  of  Iowa,  and  portions  of  Mis- 
sourly  Illinois,  Wisconsin  and  Minnesota.  On  the  west — ex- 
cepting in  the  Dakotas  —  its 
range  meets  and  partly  overlaps 
that  of  the  plains  pocket  gopher, 
G.  lutescens,  and  on  the  south 
that  of  the  Louisiana  gopher, 
G.  breviceps.  In  the  western 
Front  foot  of  prairie  pocket  gopher.  p^rt  of  the  Dakotas  Geomys  is 
replaced  by  a  distinct  genus — Thomomys — inhabiting  nearly 
the  whole  of  the  Rocky  Mountains  and  Pacific  regions. 

Kansas  Species. — In  Kansas  the  dominant  species  of  gopher 
is  G.  bursarius.  It  is  most  abundant  in  the  central  and  north- 
eastern parts  of  the  state,  and  ranges  at  least  as  far  west  as 
the  ninety-ninth  meridian.  Here  it  is  partly,  and  a  little  far- 
ther west  fully,  replaced  by  the  paler,  sand-colored  species, 
G.  lutescens.  Whether  the  two  species  intergrade  on  the  com- 
mon border  of  their  respective  ranges  I  have  not  been  able  to 
determine.  At  any  rate,  a  discussion  of  this  matter  comes 
within  the  province  of  a  technical  rather  than  an  economic 
bulletin.  In  no  part  of  western  Kansas  have  I  found  the  plains 
pocket  gopher  very  plentiful.  It  is  more  scattering  in  its  dis- 
tribution than  G.  bursarius,  being  locally  abundant  only  in  the 
gravel  flats  along  the  streams  or  among  the  sand-hills.  The 
harder  soil  of  the  buffalo-grass  tracts  has  little  attraction  for 
this  burrowing  animal.    In  the  lower  Arkansas  valley  of  south- 
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central  Kansas  the  species  becomes  as  abundant,  however,  as 
does  G.  hursarius  in  any  quarter  of  the  state. 

Distribution  Map. — ^If  reports  of  depredations  by  pocket 
gophers  and  demand  for  measures  of  repression  and  extermi- 
nation can  be  taken  as  an  index  to  distribution,  it  may  be  seen 
from  the  accompanying  map  that  Geomys  hursarius  is  most 
abundant  in  the  region  drained  by  the  Kansas  river  and  the 
lower  courses  of  its  main  tributaries.  The  area  of  greatest 
infestation  is  also  shown  to  include  that  portion  of  the  Arkan- 
sas valley  east  of  Great  Bend,  but  here  the  plains  species  is 
the  more  abundant.  A  personal  survey  of  the  vallejrs  of  the 
Kansas,  the  Blue,  the  Republican,  the  Solomon,  the  Smoky  Hill 
and  the  lower  Arkansas  valley  confirms  the  evidence  of  the 
map  to  which  I  have  referred.  Southeastern  Kansas  seems  to 
be  comparatively  free  from  the  pest,  at  least  in  numbers  sufll- 
cient  to  make  it  troublesome.  In  this  region  and  along  the 
south-central  border  of  the  state  the  range  of  G.  hursarius 
probably  meets  that  of  the  Louisiana  pocket  gopher,  Geomys 
breviceps.  The  evidence  of  this  is  shown  by  specimens  from 
the  valley  of  the  Ninnescah — now  in  the  zoological  collection 
at  Washington — ^having  some  characteristics  of  both  species. 


DUiribution  map.  The  number  of  dots  represents  the  number  of  cans  of  gopher  poison 
■ent  oat  by  the  Station  to  Tariona  points  in  the  state  op  to  th«  jmr  lf08.  Th«  distrfha- 
tion  of  the  dots  wiU  thus  serve  to  indieate  roughly  the  local  oeeurrenee  or  absence  of  the 
pest  in  destruetiTe  numbers. 

HABFTS. 

The  pocket  gopher  is  an  excellent  illustration  of  an  animal 
adapted  to  a  particular  environment  Built  short  and  stocky, 
like  a  Hungarian  miner,  it  is  able  to  excavate  with  ease  and 
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dispatch  the  intricate  S3rstem  of  loner,  branching,  subterra- 
nean galleries  in  which  it  spends  practically  its  entire  life. 
Its  shoulders  are  broad  and  its  fore  legs  strong  and  sinewy, 
ending  in  stout  daws  that  can  rapidly  rake  a  passage  through 
a  wall  of  earth.  In  mining  operations  the  daws  are  assisted 
by  a  pair  of  long  and  sharp  incisor  teeth  curving  from  the 
upper  jaw.  Its  eyes  are  very  small  and  their  range  of  vision 
quite  limited,  as  has  been  proven  by  experiments  with  animals 
k^t  in  captivity.  In  fact,  the  animal  can  have  no  possible  use 
for  eyes  except  in  the  brief  moments  it  spends  at  the  exits  of 
its  burrow  when  throwing  out  earth.  As  might  be  expected,  a 
study  of  the  animal's  reactions  to  stimuli  shows  that  its  sense 
of  touch  and  of  smell  are  exceptionally  well  developed.  The 
short,  stubby  tail,  nearly  devoid  of  hair,  is  particularly  sen- 
sitive to  touch. 

The  greater  number  of  burrowing  mammals,  like  the  prairie- 
dog,  the  spermophile  and  the  woodchuck,  spend  most  of  the 
daylight  hours  in  fine  weather  aboveground.  The  interesting 
little  kangaroo  rats  and  their  ilk  come  out  at  night  to  thread 
their  tiny  pathways  in  the  sand  fields  or  report  their  errands 
in  delicate  tracery  on  patches  of  snow.  The  pocket  gopher, 
on  the  other  hand,  cares  neither  for  the  enticing  warmth  of 
sunshine  nor  the  witchery  of  moonlight,  but  sticks  to  the  dark- 
ness of  his  tunnels.  In  watching  gophers  push  out  the  earth 
when  extending  their  burrows  I  have  never  seen  one  expose 
more  of  the  body  than  the  head,  and  usually  one  can  catch  a 
glimpse  of  the  nose  only,  as  with  a  quick  upward  flirt  of  this 
member  the  animal  flings  the  dirt  from  the  exit.  As  the  earth 
is  sometimes  pushed  to  a  considerable  distance  from  the  tempo- 
rary opening,  it  is  likely  that  the  gopher  must  of  necessity 
emerge  entirdy  from  his  burrow  at  times.  This  he  no  doubt 
does  under  cover  of  darkness,  for  it  is  a  matter  of  common 
observation  that  after  a  busy  hour  or  so  in  the  early  morning 
very  little  dirt  flies  until  near  sunset,  except  perhaps  on 
dark,  doudy  days.  No  evidence  of  tracks  or  traces  of  foraging 
indicates  that  the  animal  ordinarily  ventures  farther  than  its 
mound  of  earth,  however,  even  in  the  night  At  certain  sea- 
sons, though,  particularly  when  many  of  the  young  genera- 
tion of  that  year  are  setting  up  in  business  for  themselves,  the 
natural  instinct  of  all  animals  to  extend  the  limits  of  their 
range  impels  the  gopher  to  roam  about.    This  is  evidenced  by 
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the  sudden  appearance  in  late  summw  and  in  autumn  of  new 
mounds,  like  pioneer  shanties,  in  fields  remote  from  other 
^pher  habitations.  At  this  season  we  occafidonally  encounter 
a  claim  seeker  abroad  even  in  the  daytime.  In  late  autumn 
and  early  winter,  too,  the  males  no  doubt  wander  about  more 
or  less. 

The  Burrow. — Except  where  an  invader  has  recently  estab- 
lished himself  in  new  territory,  it  is  practically  impossible  to 
determine  the  limits  of  a  gopher's  burrow.    The  work  of  ex- 
cavating is  usually  carried  on  at  a  deptH  of  eight  to  ten  inches 
below  the  surface  of  the  ground,  but  the  animal  sometimes 
ranges  lower  in  loose,  sandy  soil  where  succulent  roots  pene- 
trate deeper.     The  average  diameter  of  the  burrow  of  the 
prairie  pocket  gopher  is.  about  three  inches;  large  enough  that 
one  may  usually  thrust  the  hand  and  arm  back  into  it  as  far 
as  he  can  reach.    These  data  are  easily  obtained;  but  when  one 
undertakes  to  map  out  the  course  of  the  main  runways,  the 
branch  tunnels,  and  their  intersections,  the  pockets  and  the 
short  laterals,  he  has  before  him  a  task  that  might  well  appall 
a  military  engineer  in  the  wilds  of  a  jungle.    In  a  field  that  is 
even  fairly  well  populated  by  gophers  the  runwasrs  of  different 
individuals  must  of  necessity  frequently  intersect  each  other, 
for  it  cannot  be  supposed  that  all  the  numerous  subway  cross- 
ings one  exposes  in  digging  along  the  ttmnels  are  parts  of  one 
animal's  private  labyrinth.    A  prairie-dog  or  a  spermcqirtiile 
digs  a  burrow  very  much  like  that  of  his  neighbor;  but  it  must 
be  borne  in  mind  that  these  animals  are  constructing  homed, 
not  extending  passageways  in  search  of  food.    The  gopher  fol- 
lows his  own  sweet  will  in  mining.    Here  a  chance  for  easier 
digging  turns  him  aside ;  there  a  promising  lead  of  succulent 
roots  entices  him  the  other  way.    Heading  everywhere  in  gen- 
eral and  nowhere  in  particular,  he  may,  in  the  course  of  a 
year,  explore  the  length  and  breadth  of  a  field  of  many  acres. 
At  irregular  intervals  he  excavates  a  short  lateral  obliquely 
upward  to  the  surface  of  the  ground.     Through  these  the 
loosened  dirt  is  carried  and  thrust  out  in  heaps.    The  presence 
of  a  gopher  is  thus  easily  detected  by  the  lines  of  mounds, 
varying  in  size  from  a  hatful  to  one  or  even  several  bushels 
of  dirt.    A  study  of  a  fresh  mound  reveals  the  plan  of  con- 
struction.    The  dirt  is  carried  out  of  the  opening  and  dis- 
tributed radially,  very  much  as  miners  dispose  of  the  useless 
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shale  from  a  coal-pit  Usually  the  dump  extends  only  part 
way  around  the  opening:,  but  sometimes  the  mound  has  the 
shape  of  a  cone  with  a  crater  at  the  top.  Where  surface  vege- 
tation hinders  the  work,  the  piles  of  dirt  are  more  irregular. 

The  Mound. — In  removing  the  excavated  earth  from  the 
burrow  the  gopher  pushes  his  load  before  him  in  armfuls,  so 
to  speak.  At  the  exit  it  is  thrown  out  with  a  quick  flip  of  the 
nose  until  the  enlarging  mound  comi^els  the  animal  to  come 
out  and  dump  the  material  down  the  slopes.  After  these  be- 
come so  steep  that  the  material  rolls  back  into  the  opening 
much  dirt  still  boils  up  from  beneath  under  the  pressure  of  a 
powerful  pair  of  shoulders.  A  wrinkled  ring  of  earth  on  the 
completed  mound  usually  identifies  the  point  of  the  last  out- 
thrusts.  After  scraping  away  a  mound  from  the  harder  sur- 
face of  the  ground,  one  may  search  in  vain  for  the  lateral 
leading  to  the  burrow.  The  miner  has  packed  it  so  tightly 
that  the  plug  is  as  firm  as  the  surrounding  earth.  Here  and 
there  a  gopher  burrow  enlarges  into  a  chamber  of  moderate 
size.  Some  of  these  are  partly  filled  with  dry  grass;  others 
are  used  for  food  storage.  Not  infrequently  one  finds  a  pocket 
extending  upward,  as  though  the  animal  had  started  to  dig  an 
exit  but  had  abandoned  the  task  for  some  reason  or  other. 

Mole  Runways. — ^The  ridges  and  mounds  of  earth  thrown 
up  by  moles  are  often  incorrectly  supposed  to  be  the  work  of 
gophers.  A  little  careful  scrutiny  will  soon  reveal  the  dif- 
ference. The  gopher  piles  up  the  dirt  on  the  surface  of  the 
ground,  building  a  mound  by  the  addition  of  load  after  load 
on  top  of  that  already  deposited.  A  mole  simply  heaves  up 
the  dirt  from  beneath,  forming  piles  which  show  radiating 
cracks.  Associated  with  these  piles  are  the  surface  ridges 
made  by  the  animal  when  ranging  in  search  of  food.  The 
feeding  runways  of  the  gopher  never  show  in  surface  ridges. 

Breeding. — ^But  little  information  along  this  line  is  obtaiur 
able  in  the  literature  accessible  at  this  Station,  and  some  of 
the  statements  therein  made  are,  in  the  light  of  our  own  in- 
vestigations, found  to  be  more  or  less  erroneous.  The  pocket 
gopher  lives  such  a  secluded  life  in  its  underground  burrows 
that  direct  observations  of  its  breeding  habits  require  con- 
siderable painstaking  effort.  I  have  never  been  able  to  find  a 
litter  of  the  young  myself,  although  I  have  explored  a  great 
many  burrows  in  studying  the  animal.    Occasionally,  though. 
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I  have  run  across  a  nest  of  soft,  dry  grass  that  had  probably 
been  constructed  for  the  purpose  of  rearing  the  young. 

As  might  be  expected  of  animals  living  in  such  comparative 
security,  the  pocket  gopher  is  not  a  very  prolific  breeder.  It 
certainly  rears  l)ut  one  litter  a  year  in  this  locality,  for  I  have 
examined  scores  of  specimens  in  all  months  of  the  year  and 
have  found  the  embryos  only  in  late  winter  and  early  spring. 
The  number  of  young  in  a  litter  varies  from  three  to  six  and 
averages  a  little  more  than  four.  Very  rarely  only  two  em- 
bryos are  found  in  the  uteri. 

Quite  early  in  the  spring,  before  the  snows  are  fairly  gone, 
the  male  gophers  are  said  to  roam  about  in  search  of  mates. 
As  I  have  never  encountered  one  on  such  amorous  errands  in- 
tent I  have  not  been  able  to  verify  the  statement.  It  is  en- 
tirely probable,  however,  that  for  reasons  of  personal  safety 
such  excursions  are  undertaken  mainly  after  nightfall.  If  the 
statements  concerning  the  wandmngs  of  the  male  are  correct, 
the  period  of  gestation  is  short,  for  the  young  are  nearly  aD 
bom,  in  this  locality,  in  March  and  April.  It  seems  more  prob- 
able, though,  that  mating  takes  place  in  late  fall  as  well  as  in 
early  spring;  perhaps  also  during  milder  periods  of  the  winter, 
as  fairly  well  developed  embryos  are  found  in  the  uteri  from 
January  to  May.  The  following  table  gives  the  results  of  some 
investigations  conducted  in  1907  and  1908. 

It  will  be  seen  that  of  the  ninety-five  females  examined 
some  showed  signs  of  pregnancy  in  the  latter  part  of  January, 
and  all  but  two  or  three  had  given  birth  to  thefar  young  before 
the  first  week  in  May.  The  record  for  some  parts  of  the  season 
is  not  so  complete,  however,  as  it  should  be.  It  should  include 
data  for  the  remainder  of  January  and  for  the  first  half  of 
March. 

The  young  are  described  as  being  entirely  hairless,  with 
transparent  skin  of  a  delicate  pinky-white.  They  are  blind, 
their  ears  are  sealed,  and  in  most  respects,  therefore,  they  are 
perfectly  helpless.  In  the  fall  one  may  still  distinguish  the 
younger  specimens  by  their  smaller  size,  but  most  of  them  seem 
to  be  fully  grown  by  the  advent  of  cold  weather.  Long  before 
this  time  they  have  excavated  burrows  of  their  own  and  laid 
up  some  stores  for  the  winter. 
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No  siffn  of  pregnancy^ 

1  lot  nearly  fuUy  developed,  the  other  a  little  lees  so. 

1  lot  only  aliffhUy  developed;  1  lot  aboat  an  inch  lonff.  thick  as 
one's  finser;  1  f eoiale  evidently  presnant,  but  fosti  not  dis- 
tinguishable: 1  female  no  siffns  of  pregnancy. 

Uteri  eonffested.  but  fcBti  not  distinguishable. 

1  lot  sise  of  thumb:  1  lot  sise  of  peanut  IcemeL 

Hot  size  of  peanut  kernel;  1  female  gave  evklenee  of  havinr 
been  suckled. 

1  lot  sise  of  pea:  1  lot  size  of  peanut  kernel. 

2  lots  sise  of  end  of  thumb;  1  lot  sise  of  peanut  kemeL 

2  lots  size  of  end  of  one's  flnrer;  1  lot  size  of  peanut  kemeL 

Evklenee  that  ywxng  had  been  bom. 

2  loto  foeti  in  early  stares  of  development;  1  lot  size  of  end  of 

thumb. 
2  lots  fcBti  size  of  hulled  peanut;  no  foeti  distinfiruiehable  in 

other  female. 
1  lot  size  of  pea;  1  lot  size  of  hulled  peanut. 
1  lot  in  early  stage  of  devek>pment;  1  k>t  size  of  end  of  little 

flnrer. 
Younr  evidently  bora;  milk  in  rlaads  of  females. 
1  lot  of  fcBti  size  of  pea;  2  females  showed  no  sims  of  prer- 

nancy  nor  of  having  had  young;  2  females  had  milk  ia 

glands. 
7  females  contained  no  foeti  and  gave  no  evidence  of  suckling 

young;  1  female  had  milk  in  glands;  1  lot  of  footi  size  of 

pea;  1  lot  size  of  Lima  bean. 
No  trace  of  f  ceti  or  evidence  of  suckling  young. 

Of  the  10  females  none  carried  footi  and  only  3  gave  evidence 
of  being  suckled. 

1  female  showed  no  signs  of  pregnancy;  1  lot  of  foeti  sise  of 
peanut  kemeL 

1  lot  of  foeti  size  of  pea;  1  female  no  traces;  2  females  had  con- 
gested uteri. 

1  lot  foBti  size  of  peanut  kernel;  2  females  no  traces:  2  females 

with  congested  uterL 

2  females  no  traces:  1  female  with  congested  uteri. 

1  lot  size  of  pea;  1  lot  size  of  peanut  kernel:  1  lot  size  of  end  of 
little  finger;  2  females  bo  traces;  4  females  with  congested 
UterL 

1  lot  size  of  pea;  1  female  no  traces;  2  females  with  congested 
UterL 


NATURAL  FOOD. 

The  natural  food  of  the  pocket  gopher  consists  of  the  fleshy 
roots  and  underground  stems  of  various  plants  growing  wild 
on  the  prairies.  To  this  bill  of  fare  he  adds  occasionally  a 
small  quantity  of  succulent  vegetation  drawn  down  into  his 
burrow  from  the  surface  at  pointy  where  exits  are  dug  for  re- 
moving earth.  When  foraging  thus  above  ground  he  loses  no 
time  in  cranmiing  supplies  into  his  cheek  pockets  and  hurry- 
ing below  to  eat  the  stuff  at  his  leisure.  The  underground 
stems  and  roots  he  encounters  in  extending  his  burrows  are  cut 
into  short  pieces  of  convenient  length  to  carry,  provided  he 
does  not  care  to  dine  upon  the  spot.  The  sections  thus  made 
are  commonly  an  inch  or  two  in  length,  sometimes  shorter, 
but  I  have  found  stores  of  alfalfa  roots  in  which  dozens  of  the 
pieces  ranged  from  four  to  eight  inches  long.    These,  of  course. 
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the  animal  must  carry  or  drag  to  the  storeroom  without  the 
aid  of  his  pockets.  The  same  is  necessarily  true  of  the  large 
cultivated  tubers  he  often  steals  from  the  fields  or  bins  of  the 
unlucky  farmer.  Observations  on  the  habits  of  a  pocket  go- 
pher kept  in  captivity  by  Doctor  Merriam,  of  Washington, 
D.  C,  seemed  to  indicate  that  the  animal  when  thus  storing 
his  larder  can  travel  as  easily  and  as  readily  backward  as  for- 
ward. The  writer  states  that  the  gopher  moved  back  and 
forth  from  food  supply  to  storeroom  like  a  shuttle  on  its  track, 
rarely  turning  around  after  securing  a  load.  In  its  backward 
progression  the  sensitive  tail  served  as  an  organ  of  touch. 

The  underground  chambers  excavated  for  the  purpose  of 
storing  food  vary  in  size  according  to  the  supplies  in  sight 
and  the  demands  of  the  season.  Sometimes  one  will  find  only  a 
handful  of  roots;  in  other  places  a  peck  or  more  is  packed 
away.  Indeed,  when  an  over-industrious  gopher  finds  his  way 
into  a  pit  stored  with  potatoes  or  apples  he  will  sometimes 
carry  away  and  store  several  bushels  of  them.  A  mound  of 
unusually  large  size  is  pretty  good  evidence  of  the  presence  of 
food  stores  near  by,  especially  if  located  in  the  immediate 
vicinity  of  a  source  of  plentiful  supplies.  In  some  cases  a  part 
of  the  dirt  excavated,  however,  is  used  to  pack  the  food  sup- 
plies. I  have  uncovered  stores  in  which  each  separate  piece  of 
root  was  carefully  separated  from  the  others  by  fine  dirt,  much 
as  the  farmers  sometimes  pack  sweet  potatoes  in  sand  when 
storing  them  for  winter. 

The  popular  idea  that  the  gopher  uses  his  cheek  pockets  for 
canying  out  the  earth  from  his  burrow  is  certainly  erroneous. 
I  have  watched  many  gophers  at  work,  and  noted  that  the  proc- 
ess of  removing  the  earth  is  always  the  same:  the  dirt  is 
pushed  ahead  of  tjie  animal  in  armfuls.  Examination  of  the 
pockets  of  gophers  shot  in  the  act  of  removing  earth,  or 
trapped  at  any  time,  reveals  no  traces  of  contained  earth.  At 
this  point  it  might  be  well  to  state  also  that  no  part  of  a  go- 
pher's runway  necessarily  extends  down  to  a  supply  of  water, 
as  currently  supposed.  Like  many  other  animals  that  feed 
upon  more  or  less  succulent  vegetation,  sufficient  water  for  the 
tissues  of  the  body  is  obtained  in  the  food. 
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ACTIVE  SEASON. 

The  pocket  gopher  seems  to  be  busy  at  any  season  of  the 
year  when  the  ground  is  not  frozen  too  hard  and  too  deep  for 
mining  operations.  Not  unconmionly  we  see  mounds  of  fresh 
earth  thrown  up  from  beneath  the  snows  of  midwinter.  It  is 
unlikely  therefore  that,  strictly  speaking,  the  animal  ever 
hibernates  in  this  part  of  the  country.  During  the  briefer 
periods  of  particularly  inclement  weather  in  the  winter  no 
mounds  are  thrown  up,  and  if  the  animal  burrows  lower  then 
to  escape  the  frost,  as  some  have  observed,  he  must  dispose  of 
the  earth  in  tunnels  or  pockets  previously  excavated.  It  is  my 
belief,  however,  that  the  gopher  spends  these  stormy  periods 
near  the  supplies  of  stored  food.  Evidence  of  this  habit  is 
given  by  certain  mounds  thrown  up  in  the  spring  that  are  made 
up  almost  wholly  of  crumbling  pellets  of  excrement  and  frag- 
ments of  nest  material.  October  and  November  is  a  season  of 
particular  activity.  Impelled  by  the  instinct  that  exacts  obedi- 
ence without  forecasting  the  winter,  the  gophers  then  extend 
their  runways  in  all  directions  in  search  of  food  for  their 
underground  cellars.  At  this  time  of  year  the  best  results  can 
usually  be  obtained  in  poisoning  or  trapping  the  animals.  In 
the  spring,  again,  after  the  frost  has  left  the  ground,  this  ac- 
tivity is  renewed  for  a  time ;  but  when  the  season  for  breeding 
and  rearing  the  young  comes  on,  extension  of  the  burrows  re- 
ceives less  attention. 

It  has  been  said  that  the  gopher  is  a  solitary  animal ;  that  no 
two  individuals  ever  occupy  the  same  burrow  except  in  the 
mating  season.  This  statement  is  not  in  accordance  with  my 
observations,  for  I  have  on  several  occasions  trapped  a  second 
gopher  by  resetting  at  the  same  opening  into  a  burrow.  This 
was  in  the  early  fall,  too ;  not  in  the  mating  season. 

NATURAL  ENEMIES. 
Since  the  pocket  gopher  so  seldom  shows  itself  outside  of  its 
subterranean  galleries,  it  has  little  to  f^ar  from  the  natural 
enemies  of  the  rodent  race.  It  is  not  entirely  safe  from  attack, 
however,  for  a  few  sharp-eyed  and  vigilant  foes  habitually 
capture  numbers  of  gophers  when  they  come  to  the  mouths  of 
their  burrows  to  push  out  a  load  of  earth.  Hawks  and  owls 
take  toll  at  these  favorable  moments,  and  many  a  house  cat 
has  learned  the  trick  of  capturing  a  meal  then  with  little  diffi- 
culty. 
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The  gopher's  habit  of  confining  active  operations  in  mining 
mainly  to  the  hours  of  twilight  particularly  favors  the  owts  and 
the  cat.  The  Great  Homed  owl,  liie  Long-eared  owl,  and  tbe 
Bam  owl,  particularly  the  last  named,  render  valuable  service 
in  keeping  down  the  numbers  of  these  destructive  rodents.  A 
single  pair  of  owls,  nesting  on  the  farm,  has  been  known  to 
destroy  scores  of  gophers  in  a  brief  season.  Sometimes  tiiey 
live  on  nothing  dse  for  a  time,  as  evidenced  by  the  pellets  orf 
bones  and  fur  which,  like  most  birds  of  prfy,  they  invariably 
disgorge  after  a  meal. 

Instances  of  a  house  cat  becoming  addicted  to  the  gopher 
habit  are  not  uncommon.  In  a  number  of  cases  that  were  re> 
ported  directly  to  me,  mother  cats  brought  in  several  gophers 
a  day,  regularly  as  clodrwork,  to  their  families  of  kittens.  In 
many  instances  of  reported  gopher  catching,  however,  liie  in- 
formant  has  had  in  mind  the  little  striped  "^gopher*'  or  ground- 
squirrel. 

Two  enemies  that,  in  some  localities,  are  said  to  hold  the 
pocket  gopher  in  chedc  more  than  all  others  are  the  weasel  and 
the  bull-snake.  The  former  is  too  scarce  in  most  parts  of  Kan- 
sas to  be  worth  considering  in  this  relation ;  but  the  bull-snake 
is  common  enough  on  farms  whose  owners  or  tenants  have  had 
the  wisdom  and  forethought  to  protect  the  natural^iemies  of 
the  destmctive  rodent  tribe.*  The  snake  would,  of  course,  be 
able  to  gain  entrance  to  the  gopher's  burrow  only  when  the 
latter  was  temporarily  left  open;  but  once  inside  he  would 
probably  remain  there  for  some  time  and  make  things  inter- 
esting for  the  occupants.  When  one  is  trapping  gophers  he 
will  occasionally  surprise  a  bull-snake  in  the  act  of  trying  to 
swallow  the  captured  animal,  trap  and  all.  J  have  also  found 
this  snake  in  the  burrow  of  the  striped  spermophile,  helping 
himself  to  a  nestf ul  of  the  young  of  the  latter,  and  have  seen 
him  capture  and  kill  the  adult  spermophile  at  the  mouth  of  its 
burrow. 

The  little  striped  skunk  (Spilogale  interrupta)  should  not 
be  left  out  of  account  in  discussing  the  natural  enemies  of  the 
pocket  gopher.  I  had  not  supposed  that  these  animals  could 
make  their  way  through  the  burrows  of  the  gopher,  and  had 
laid  to  the  charge  of  weasels  a  number  of  cases  of  killing  and 

♦  A  recent  observation  by  Prof.  J.  B.  Parker,  of  this  Station,  goes  to 
show  that  the  bull-snake  sometimes  worms  his  way  by  force  into  a 
gopher  burrow,  especially  at  a  fresh  mound. 
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feeding  on  gophers  imprisoned  in  steel  traps.  Finally  I  re- 
sorted to  setting  traps  a  second  time  in  the  mouths  of  the  bur- 
rows where  a  gopher  had  been  partly  eaten,  and  in  two  in- 
stances succeeded  in  capturing  a  little  striped  skunk.  There 
was  no  question  in  either,  case  but  that  the  skunk  had  entered 
the  burrow  at  some  point  remote  from  the  location  of  the  trap^ 
for  the  opening  through  which  the  trap  had  been  introduced 
had  been  carefully  covered  with  a  board  and  loose  earth ;  this 
covering  was  undisturbed.  In  comparing  this  slender  little 
skunk's  body  with  the  diameter  of  many  of  the  gopher  burrows 
in  alfalfa  fields,  it  will  be  seen  at  once  that  it  is  not  a  difficult 
matter  for  the  skunk  to  make  his  way  through  the  under- 
ground passages.  The  additional  fact  that,  by  digging,  he  can 
enter  the  burrow  at  any  point  and  comer  the  occupant  in  some 
lateral  or  pocket  tunnel  renders  the  little  striped  skunk  espe- 
cially valuable  as  a  gopher  catcher. 

In  summary,  it  may  be  said  that  we  cannot,  except  in  a  few 
favored  localities,  depend  upon  natural  forces  to  keep  in  check 
the  increase  of  the  pocket  gopher.  By  increasing  the  acreage 
of  alfalfa  we  are  producing  the  very  conditions  that  are  favor- 
able to  the  most  rapid  multiplication  of  the  species;  and,  on 
the  other  hand,  by  thoughtlessly  or  wantonly  destroying  harm- 
less owls,  hawks,  bull-snakes,  and  certain  mammals,  we  still 
further  interfere  with  nature's  efforts  to  preserve  the  balance 
of  power  in  the  animal  world.  The  worst  that  can  be  said  of 
the  enemies  of  the  pocket  gopher  is  that  the  Great  Homed 
owl,  the  weasel  and  the  skunk  sometimes  destroy  domestic 
fowls.  But  a  little  wise  precaution  in  shutting  up  coops  at 
night  would  prevent  these  inroads  on  the  poultry  industry. 

CROPS  DAMAGED. 

The  economic  status  of  the  pocket  gopher  has  changed  in 
the  last  few  decades.  There  was  a  time  when  their  work  was 
of  real  benefit  to  the  future  interests  of  agriculture.  For  un- 
told centuries  they  have  been  mixing  the  soil  of  the  prairies, 
bringing  up  the  subsoil  to  mellow,  and  covering  up  vegetation 
to  molder  and  add  humus  to  the  clays  and  sand.  Byt  now 
that  the  virgin  soil  has  been  prepared  for  us  we  would  gladly 
dispense  with  their  services,  for  their  presence  is  now  seri- 
ously detrimental  to  our  interests. 

Alfalfa. — The  damage  to  cultivated  plants  results  not  only 
from  the  animal's  eating  roots  or  stems,  but  also  from  its  habit 
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View  of  a  aropher-infested  alfalfa  Add. 

of  throwing  up  numerous  mounds  of  earth,  which  very  often 
cover  considerable  areas  of  the  growing  crops  and  obstruct 
the  harvesting  of  the  remainder  later.     Indeed,   it  would 
scarcely  b6  worth  while,  in  many  instances,  to  make  such 
vigorous  warfare  on  the  gopher  if  the  only  issue  at  stake  was 
the  kind  or  quantity  of  food  he  pilfered.    This  is  especial!}' 
true  in  the  case  of  alfalfa.     No  other  one  of  the  important 
crops  of  the  state  has  suflfered  as  much  from  the  ravages  of 
the  pocket  gopher  as  this  valuable  plant.     From  a  gopher's 
standpoint,  conditions  of  life  are  easy  in  a  field  of  alfalfa.    The 
ground  is  not  worked  for  years  at  a  time,  at  least  not  deep 
enough  to  interfere  with  the  underground  runways.    Again, 
the  roots  of  the  plant  are  fleshy  and  toothsome  and  penetrate 
deep  into  the  soil,  where  they  may  be  encountered  in  abundance 
at  the  usual  depth  at  which  the  animal  ranges.    They  are  there, 
too,  at  any  time  of  the  year  to  satisfy  the  appetite  of  the 
hungry  rodent.     As  a  result  of  these  favorable  conditions 
gophers  have  multiplied  at  an  alarming  rate  in  recent  years 
wherever  alfalfa  is  extensively  grown.    In  the  river  valleys  of 
central  Kansas  particularly,  I  have  seen  flelds  of  thirty  or 
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forty  acres  in  whfch  one  might  walk  over  the  entire  tract  by 
stepping  from  one  gopher  mound  to  another.  It  is  safe  to  say 
that  in  these  cases  not  less  than  one-fourth  to  one-third  of  the 
actual  acreage  of  the  field  was  covered,  and  therefore  a  total 
loss.  Much  of  that  which  remained  is  necessarily  weakened 
by  the  loss  of  portions  of  the  root  system. 

Even  a  few  gophers  in  an  alfalfa  field  become  an  intoler- 
able nuisance  by  obstructing  the  work  of  mowing  the  crop. 
The  man  who  is  running  the  machine  must  be  constantly  on 
the  lookout  for  the  mounds,  so  that  he  may  raise  the  sickle-bar 
until  the  obstruction  is  passed.  Thus  much  extra  work  is  en- 
tailed and  a  portion  of  the  crop  is  lost  by  running  the  sickle 
too  high.  If  the  operator  does  not  see  the  mound  in  time  it  is 
very  likely  to  clog  the  machine,  or  at  least  one  or  more  sections 
of  the  sickle  may  be  dulled  or  nicked  by  encountering  gravel 
or  pebbles.  If  the  ground  is  reasonably  mellow  the. horses 
drawing  the  mower  stumble  frequently,  their  feet  breaking 
through  into  the  runways  of  the  gopher.  Sometimes  the  holes 
thus  formed  are  not  filled  again  from  below  and  the  rains 
washing  in  enlarge  the  openings  to  a  pit  a  foot  or  more  in 
diameter. 

Native  Meadows, — ^Meadows  of  natural  prairie-grasses  are 
often  invaded  by  the  gopher  to  such  an  extent  that  they  have 
the  appearance  of  having  been  plowed  up  over  many  acres  of 
their  surface.  The  animals  apparently  find  suitable  food 
scarcer  there  than  in  the  alfalfa  field,  and  are  consequently 
obliged  to  dig  more  extensive  runways  in  search  of  the  roots 
of  the  native  plants.  Unless  such  tracts  of  meadow  can  be 
freed  from  the  pest  and  the  surface  subsequently  leveled,  they 
had  better  be  used  for  pasture,  as  it  is  almost  impossible  to  cut 
the  grass  for  hay. 

Orchards  and  Nurseries. — Young  trees  in  nurseries  and 
orchards,  or  in  belts  planted  for  shade,  ornament  and  shelter, 
sometimes  suffer  seriously  from  attacks  upon  their  root  sys- 
tem. The  gopher  may  gnaw  off  so  many  of  the  roots  that  the 
tree  readily  topples  over;  or  at  least  it  damages  the  system  to 
the  extent  that  the  health  of  the  tree  is  impaired  and  its 
growth  stunted.  The  animal  has  the  habit  of  following  the 
young  hedge  or  nursery  row  for  some  distance,  taking  every 
thing  as  it  goes.  It  may  then  cross  over  and  follow  another 
row  in  the  same  manner.     Fortunately  for  the  interests  of 
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the  nursersrman,  the  gopher  never  gets  the  foothold  in  planta- 
tions of  young  trees  that  it  secures  in  alfalfa  fields,  by  reason 
of  the  fact  that  the  former  are  cultivated  frequently  and  the 
ground  plowed  up  every  three  or  four  years  after  the  growing 
stock  has  been  cleaned  off.  The  following  are  extracts  from 
letters  received  from  prominent  nurserjnnen  and  orchardists 
of  the  state : 

"There  has  never  been  a  year  since  we  have  planted  apple-trees  here, 
thirteen  years  ago,  that  we  have  not  been  troubled  with  gophers.  They 
eat  the  roots  of  the  large  trees.  Have  never  noticed  that  t^ey  went 
straight  down  the  rows." — E.  E.  Yaggy,  Hutchinson. 

"Once  I  had  a  large  Austrian  pine  (seven  feet)  gnawed  off  at  the 
surface,  and  in  a  few  hours  afterwards  the  tree  fell.  I  shot  the  gopher 
and  planted  another  pine  in  its  place." — H.  F.  Cecil,  Topdca. 

"The  gophers  have  been  a  serious  pest  to  nurseries  or  trees  near  grass 
or  clover.  They  will  sometimes  go  a  long  way  through  the  trees  if  not 
checked.  They  eat  any  kind  of  wood,  even  the  hard  Osage  hedge.  I  do 
not  remember  that  they  have  ever  eaten  any  grape-vines  for  me,  but 
probably  because  they  are  not  where  they  could  get  to  them  freely." — 
A.  H.  Griesa,  Lawrence. 

"Will  say,  in  regard  to  the  pocket  gopher,  that  we  are  not  troubled  as 
much  now  as  we  were  ^  number  of  years  ago.  When  we  first  com- 
menced planting  trees  in  this  locality  we  had  considerable  loss  from 
them.  They  do  not  seen  to  be  particular  as  to  the  kind  of  tree.  As  we 
grew  more  apple-trees  than  anything  else,  our  loss  was  heavy  in  that 
line.  We  found  that  the  best  manner  of  ridding  ourselves  of  the  gopher 
was  to  poison  them." — J.  H.  Skinner,  Topeka. 

"We  have  had  considerable  trouble  with  the  pocket  gopher  and  a  great 
deal  of  loss.  They  seem  to  be  worst  with  our  young  cherry.  They  some- 
times run  along  the  row  for  a  few  trees  and  then  cross  over  into  another 
row.  They  do  not  often  kill  more  than  from  six  to  ten  in  one  spot." — 
A.  L.  Brooke,  Topeka. 

"The  pocket  gopher  is  not  a  great  pest  with  us,  yet  does  considerable 
damage.  He  does  not  seem  to  be  particular  as  to  what  he  destroys.  The 
past  season  he  has  crossed  a  block  of  two-year-old  cherry-trees,  taking 
one  to  three  trees  in  a  row  and  crossing  over  half  the  block.  In  one 
place  he  has  cut  off  probably  fifty  pear-trees  (Keiffer),  and  in  still  an- 
other place  a  half  dozen  poplars,  teaa.  feet  high,  an  inch  in  diameter.  We 
like  to  follow  with  trees  where  alfalfa  has  been  plowed  up,  but  it  is  neariy 
impossible  to  do  so  on  account  of  pocket  gophers.  They  seon  to  congre- 
gate in  the  alfalfa,  and  it  takes  a  year  or  two  to  get  the  land  free  from 
them." — P.  W.  Watson,  Topeka. 

Potatoes. — Potatoes  and  sweet  potatoes  sometimes  suffer 
seriously  from  the  depredations  of  gophers,  but  of  course  the 
animals  do  not  gain  a  permanent  foothold  in  potato  fields  as 
they  do  in  the  tracts  of  ground  remaining  uncultivated  for  a 
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period  of  years.  They  genterally  invade  the  potato  ground 
from  the  surrounding  f^ice-rows  or  from  adjoining  meadows 
or  alfalfa  Adds.  If  no  effort  is  made  to  destroy  them,  -they 
will  often  establish  themselves  for  a  time  in  any  part  of  the 
cultivated  field.  Here  they  eat  the  pieces  of  potato  that  are 
planted  in  the  spring  or  bite  off  the  roots  of  the  young  sweet 
potato  plants.  Later  they  feed  upon  the  newly  forming  roots 
or  tubers,  causing  the  death  of  the  plant.  In  the  fall  they  pro- 
ceed to  harvest  their  share  of  the  crop  and  store  it  in  tiieir  un- 
derground root-cellars  for  winter  use.  Not  content  with  what 
they  may  harvest  on  their  own  account,  they  find  their  way 
into  the  farmer's  potato-pit  and  steal  at  their  leisure.  It  is 
surprising  to  note  the  heaps  of  potatoes,  sweet  potatoes  and 
apples  sometimes  carried  away  thus  from  pits  and  cellars  and 
stored  in  chambers  in  the  gopher's  runways.  In  making  in- 
quiries of  potato  growers  along  the  Kansas  valley  I  have 
learned  of  several  instances  where  the  thefts  amounted. to  five 
or  six  bushels.  Prof.  L.  L.  Dyche,  writing  to  the  Department 
of  Agriculture,  reports  a  case  near  Lawrence  in  which  thirty- 
five  bushels  of  sweet  potatoes  were  taken  from  a  cellar  dug  in 
rather  sandy  ground.  To  make  room  for  their  stolen  treasures 
the  rodents  carry  all  the  excavated  earth  into  the  potato  cellar 
and  pack  it  from  time  to  time  into  the  space  left  vacant  by  the 
removal  of  the  tubers.  The  farmer,  therefore,  rarely  learns  of 
the  loss  he  has  sustained  until  he  removes  the  contents  of 
the  cellar  in  the  spring,  when  he  is  astonished  to  find,  some  dis- 
tance below  the  surface,  a  huge  pile  of  earth  where  there 
should  be  potatoes  or  apples.  No  caving  in  of  the  heap  in  the 
cellar,  no  piles  of  earth  on  the  surface  of  the  ground,  have 
betrayed  the  gopher's  work,  which  may  have  been  in  progress 
for  weeks  or  months.  By  making  a  vigorous  search  the  farmer 
sometimes  recovers  a  part  of  his  property,  however,  for  the 
gopher's  avarice  has  prompted  him  to  carry  away  vastly  more 
than  he  can  possibly  ever  hope  to  eat.  In  the  case  mentioned 
above  but  two  gophers  could  be  found  to  answer  to  the  charge 
of  stealing  thirty-five  bushels. 

Garden  Crops. — ^There  are  very  few  garden  crops  but  that 
receive  occasional  attenticm  from  the  pocket  gopher.  He  does 
not  even  draw  the  line  at  the  odoriferous  onion,  but  prefers,  of 
course,  the  fleshy  roots,  such  as  beet,  parsnip,  carrot  and  tur- 
nip.   He  is  also  said  to  have  a  habit  of  gnawing  into  the  under 
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side  of  melons  and  pumpkins  and  hollowing  out  the  interior, 
sometimes  filling  the  cavity  thus  formed  by  packing  it  with 
earth.  I  have  not  been  able  to  verify  this  statement.  Peanut 
growers  suffer  some  loss  from  the  depredations  of  pocket 
gophers.  One  correspondent,  writing  to  the  Department  of 
Agriculture  from  Reeder,  Kan.,  states  that  twenty-five  bushels 
were  taken  from  the  crop  grown  on  an  acre  of  ground. 

SmaU  Grains. — ^Apparently  no  serious  loss  results  from  the 
work  of  pocket  gophers  in  fields  of  small  grain.  The  roots  of 
such  plants  are  not  large  enough  to  attract  the  animals.  Some- 
times, though,  they  bite  off  and  drag  stems  and  heads  into  their 
burrows  below;  When  grain  is  in  the  shock,  too,  they  often 
come  up  from  beneath  and  carry  down  the  heads,  filling  in  the 
spaces  between  the  sheaves  with  dirt.  It  is  not  fair  to  lay  all 
such  work  to  their  charge,  however,  for  they  are  assisted  by 
field-mice,  spermophiles  and  the  common  rat. 

Irrigated  Crops. — Contrary  to  my  expectations,  I  did  not  find 
the  gopher  a  serious  problem  in  the  irrigated  districts  of  the 
southwestern  part  of  the  state.  The  prairie  gopher  (Geomys 
bursarius)  of  eastern  and  central  Kansas  is  there  largely  re- 
placed by  the  plains  gopher  (Goemys  lutescens).  I  scarcely 
think  the  latter  is  as  aggressive  in  its  habits  as  the  former;  at 
least  it  has  not  gained  much  of  a  foothold  in  the  extensive 
fields  of  alfalfa  that  have  been  grown  in  that  section  for 
years.  On  the  other  hand,  this  may  be  partly  or  wholly  due  to 
the  flooding  of  the  fields  from  the  irrigating  ditches  several 
times  a  year.  Farmers  who  work  land  under  the  ditch  tell  me 
that  the  flooding  process  frequently  drives  the  gopher  to  the 
surface  to  escape  drowning.  A  few  such  experiences  prob- 
ably discourage  the  animals  so  that  they  do  not  establish  them- 
selves permanently  in  the  alfalfa  and  sugar-beet  fields.  Out- 
side the  irrigated  tracts  there  is  very  little  food  supply  except 
that  provided  by  nature;  hence  the  numbers  of  the  species 
remain  about  the  same  from  year  to  year.  It  is  interesting 
to  note  in  this  connection  that  the  western  agricultural  ant 
(Pogonomyrmex  occidentalis)  is  more  successful  in  maintain- 
ing a  permanent  residence  on  irrigated  lands  than  the  pocket 
gopher.  The  latter  establishes  itself  permanently  only  on  the 
uncultivated  tracts  of  wild  land  and  along  fences  and  ditches. 
.  It  prefers  the  loose  soil  of  the  sand-hills  and  gravel  flats  to  the 
harder  clayey  soils  covered  by  buffalo-grass. 
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Typieal  arw  of  a  badly  infested  alfalfa  Add.  This  traet  (64  ft  z  72  ft.)  was  ear«- 
fnHy  mapped  after  first  dividing  it  into  small  squares  by  tightly  stretohed  lines.  Tb* 
small  irregnlar  patehes  show  the  shape*  relative  sise  and  loeation  of  the  mounds  thrown 
up  by  the  goj^hers. 


Same  tract  as  above,  with  all  the  runwajrs  carefully  excavated  and  mapped. 

Digitized  by  VjOOQIC 


216  Entomology  and  Zoology  Department.     [Bull.  172 

Damage  to  Ditches. — Of  course  the  gopher  causes  consider- 
able annoyance  in  the  irrigated  districts  by  its  excursions  into 
the  fields  from  its  retreats  along  the  fences  and  ditches.  Its 
habit  of  burrowing  into  the  banks  of  the  ditches  is  most  ex- 
asperating to  the  farmer,  who,  when  he  turns  the  water  on, 
must  often  spend  hours  locating  and  stopping  leaks.  These 
leaks,  enlarged  by  erosion  of  the  water,  may  cause  considerable 
loss  to  the  farmer  himself  or  result  in  damage  suits  from  his 
neighbors.  The  water  escaping  in  this  way  also  softens  up 
stretches  of  the  public  roads  so  as  to  make  them  impassable. 

Remits  of  Floods. — During  the  great  flood  of  1903  in  the 
valleys  of  the  Kansas  river  and  its  tributaries  the  flood-plains 
of  many  streams  were  inundated  from  bluff  to  bluff.  At  this 
time  observers  noted  hundreds  of  pocket  gophers  cm  the  higher 
points  of  land  above  water  and  along  railroad  embankments. 
An  observer  near  Manhattan  killed  180  of  the  animals  with  a 
club.  For  a  year  or  so  after  the  floods  the  lowlands  were  com- 
paratively free  from  gophers,  but  they  gradually  reoccupied 
the  flats  and  regained  their  original  numbers. 
GOPHER  LEGISLATION. 

The  sentiment  which  always  looks  to  legislative  enactment 
for  a  remedy  for  all  remediable  evils  has  crystallized  into  two 
recent  gopher  laws  in  Kansas — ^the  one  a  compulsory  extermi- 
nation law,  the  other  a  bounty  law.  The  former  was  enacted 
by  the  session  of  1905;  the  latter  is  a  part  of  the  grist  from 
the  mill  of  our  last  legislature  in  its  regular  sessicm  in  1909. 
There  was  also  a  bounty  law  passed  by  the  special  session  of 
1908,  the  provisions  of  which  do  not  conflict  with  those  of  the 
enactment  of  1909,  and  are  therefore  in  force. 

The  compulsory  extermination  law — House  bill  No.  184, 
Session  Laws  of  1905 — ^might  be  made  a  pretty  effective 
weapon  against  the  podcet  gopher,  but  unfortunately  it  does 
not  appear  that  township  officers  care  to  avail  themselves  of 
its  provisions.  From  correspondence  with  county  officers  in 
nearly  all  counties  of  the  state,  I  have  not  been  able  to  learn  of 
a  single  case  wherein  the  law  has  been  made  operative.  The 
law  provides  that,  on  petition  of  ten  resident  landowners  of 
any  township,  the  county  commissioners  may,  at  their  discre- 
tion, direct  the  trustee  of  the  township  from  which  the  petition 
came  to  appoint  the  road^verseer,  or  other  suitable  person  in 
any  road  district,  to  see  that  the  gophers  in  said  district  are 
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exterminated.  The  person  so  appointed  must  enter  the  prem- 
ises of  every  resident  of  his  district  at  least  three  times  a  year 
on  a  tour  of  inspecti(m.  If  any  landowner  fails  to  take  proper 
measures  to  exterminate  the  gophers  on  his  premises  within 
five  days  after  having  been  notified  in  writing  to  do  so,  the  in- 
spector must  attend  to  the  work  of  destroying  the  animals. 
The  costs  are  then  charged  up  in  the  taxes  of  the  delinquent 
landowner.  Other  expenses  incurred  in  the  work,  including  a 
salary  of  two  dollars  per  day  for  the  inspector,  are  paid  out 
of  the  general  fund  of  the  township.  A  weak  point  in  this  law 
is  the  clause  which  leaves  it  optional  with  the  conmiissioners  to 
authorize  the  appointment  prayed  for  or  to  ignore  the  petition 
altogether.  Then^  too,  the  provisions  of  the  law  make  it  neces- 
sary for  one  neighbor  to  interfere  in  affairs  that  may  seem  to 
another  clearly  none  of  the  former's  business.  He  may  reason 
that  pocket  gophers,  because  of  their  burrowing  habits,  are 
like  weeds,  practically  fixtures  of  the  soil,  to  be  eradicated  or 
allowed  to  thrive  as  the  owner  of  the  land  pleases. 

The  new  bounty  laws  require  all  counties  in  the  state  to  pay 
a  premium  of  five  cents  per  head  on  pocket  gophers  or  permit 
them  to  pay  ten  cents  at  their  discretion.  These  laws  will 
probably  result  in  a  considerable  diminution  of  the  pest  in 
some  localities.  The  bounty  system  in  general,  however,  has 
its  objectionable  features,  and  in  the  particular  case  of  the 
animal  under  discussion  these  features  are  prominent.  In  the 
first  place,  the  gopher  roams  about  so  little  above  ground  that 
each  individual  is  practically  a  permanent  resident  of  the  farm 
on  which  its  burrow  is  located.  The  justification  for  placing 
a  price  on  the  scalp  of  an  animal  like  the  coyote  or  puma,  that 
may  take  toll  from  one  man's  flock  to-day  and  from  his  neigh- 
bor's, miles  away,  to-morrow,  is  entirely  wanting  in  the  case 
of  the  pocket  gopher.  The  principle  of  allowing  the  community 
at  large  to  pay  the  expense  of  protecting  the  careless  man's 
crop,  while  his  thrifty  neighbor  looks  after  his  own  fields,  is 
theoretically  wrong.    It  imposes  a  double  burden  upon  thrift. 

Again,  the  payment  of  ten  cents  for  each  scalp  will  put  a 
premium  on  trapping  and  tend  to  discourage  poisoning,  the 
more  thoroughly  and  easily  applied  method  of  ridding  a  badly 
infested  locality  of  these  pests. 

Furtiier,  the  expense  of  maintaining  a  bounty  system  is 
usually  out  of  all  proportion  to  the  ben^ts  gained.    Experi- 
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ence  in  other  states,  and  in  a  few  counties  in  this  state,  has 
demonstrated  that  bounties  on  small  mammals  seldom,  if  ever, 
accomplish  the  desired  end — ^ridding  the  community  of  the 
pests.  After  the  cream  of  the  territory  has  been  skimmed,  so 
to  speak,  trapping  becomes  unprofitable  and  large  numbers 
of  the  animals  are  left  to  again  regain  their  ground.  Long 
before  even  the  skimming  process  is  completed,  however,  the 
heavy  drain  on  the  public  treasuries  usually  results  in  the  re- 
peal of  the  law.  No  state  has  ever  been  able  to  pay  a  general 
bounty  on  small  mammals  for  any  considerable  length  of  time. 

Finally,  the  opportunities  for  fraud  in  the  matter  of  daim- 
ing  bounties  are  much  greater  in  the  case  of  the  pocket 
gopher  than  with  the  larger  and  better  known  mammals.  The 
majority  of  county  clerks  to  whom  the  scalps  will  be  presented 
have  perhaps  never  seen  a  pocket  gopher.  At  least  they  are 
not  trained  mammalogists,  and  only  such  can,  under  certam 
circumstances,  distinguish  the  scalp  of  a  pocket  gopher  from 
that  of  some  of  the  other  small  mammals.  The  law  requires 
that  the  scalp,  with  the  ears,  be  presented  in  evidence ;  but  the 
gopher  has  practically  no  external  ears.  Any  ingenious  boy 
with  a  ticket  punch  can  easily  manufacture  a  half  dozen  legal 
scalps  from  the  pelt  of  a  single  gopher.  Although  not  specified 
in  the  law,  it  would  be  well  to  require  the  cheek-pockets  to  be 
included  with  the  scalp.  There  could  then  be  little  question  as 
to  the  identity  of  the  animal. 

In  1903,  six  years  previous  to  the  enactment  of  the  present 
compulsory  bounty  law,  an  act  was  passed  authorizing  county 
commissioners,  in  their  discretion,  to  pay  a  premium  of  five  ta 
twenty-five  cents  apiece  for  the  scalps  of  pocket  gophers  and 
gray  ground-squirrels.  The  scope  of  this  law  was  limited,  by 
provision,  to  counties  east  of  the  sixth  principal  meridian. 
Under  this  act  eight  counties  have  paid  premiums  on  gopher 
scalps  for  periods  ranging  from  three  months  to  four  years. 
The  list  of  these  counties  follows :  Atchison,  Brown,  Jeflferson. 
Johnson,  Leavenworth,  Marshall,  Morris,  and  Pottawatomie. 
Some  of  them  report  the  payment  of  only  a  few  dollars  per 
year  in  bounties,  while  in  other  cases  the  amounts  are  con- 
siderable. Leavenworth  county,  for  example,  paid  out  $2480, 
after  which  the  commissioners  withdrew  the  bounty.  Mar- 
shall county  withdrew  its  bounty  after  pajring  out  in  the  year 
1907  $4200.    Township  trustees  from  all  parts  of  the  county 
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reported  at  the  close  of  the  year  that  the  numbers  of  pocket 
^Tophers  were  apparently  as  great  in  their  respective  town- 
ships as  when  they  began  paying  bounty  in  the  spring.  Evi- 
dently the  trap  is  slower  than  the  gopher's  rate  of  increase. 
Wholesale  fraud  in  the  matter  of  manufacturing  several  scalps 
from  one  skin  was  suspected  in  a  number  of  cases. 

If  a  few  farmer  boys  in  every  school  district  in  certain 
counties  of  central  Kansas  should  become  as  active  in  the  ex- 
termination of  the  pocket  gopher  as  the  law  perhaps  contem- 
plates, those  counties  would  soon  be  stamping  their  warrants 
"Not  paid  for  lack  of  funds."  By  way  of  supporting  this  state- 
ment, let  me  cite  two  illustrations :  Benton  county,  Iowa,  paid 
out  in  three  years  $18,000  in  bounty  on  gophers,  at  an  average 
rate  of  fourteen  cents  per  scalp.  Meeker  county,  Minnesota, 
withdrew  its  bounty  on  pocket  and  striped  gophers,  or  ground- 
squirrels,  after  having  cashed  bounty  warrants  to  the  amount 
of  $14,056  in  five  months. 

If  the  destruction  of  the  pests  is  to  be  paid  for  out  of  the 
public  treasury,  better  results  can  be  obtained,  and  at  a  much 
less  <?ost,  by  the  plan  of  distributing  a  prepared  poison  free  to 
those  landowners  who  will  agree  to  use  it  as  directed.  Coun- 
ties that  haVe  tried  this  plan  in  other  states  prefer  it  to  the 
bounty  system.  Why  may  we  not  profit  also  by  our  own  ex- 
perience in  ridding  western  Kansas  of  the  prairie-dog?  Under 
the  provisions  of  an  act  passed  by  the  legislature  of  Kansas 
in  1903  the  purchase  and  use  of  poison  in  all  townships  in- 
fested by  prairie-dogs  was  made  compulsory.  All  expenses 
were  defrayed  from  the  township  treasury,  the  county  commis- 
sioners having  previously  made  a  special  levy  for  the  purpose. 
The  vigorous  campaign  that  followed  the  enactment  of  this  law 
almost  wiped  the  prairie-dog  from  the  face  of  the  land.  A 
reenactment,  therefore,  of  the  prairie-dog  law  of  1903,  so 
modified  as  to  fit  the  case  of  the  pocket  gopher,  is,  in  our 
opinion,  the  wisest  measure  that  could  be  adopted. 

Even  though  we  do  not  get  a  compulsory  "extermination" 
law  for  the  pocket  gopher,  the  thrifty  'farmer  would  profit 
much  by  legal  enactment  compelling  road  overseers  to  keep 
down  the  pest  on  the  roadsides.  The  same  should  apply  also 
to  the  foremen  having  charge  of  the  various  sections  on  the 
railroad  right  of  way.  It  is  a  matter  of  common  observation 
that  when  gophers  invade  a  clean  field  they  usually  enter  from 
the  roadsides,  railroad  right  of  way,  or  neglected  fence  row. 
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METHODS  OF  COMBATING. 

Poisoning. — Gophers  do  not  possess  the  shrewdness  and 
cunning  that  have  become  instinctive  in  many  other  wild  crea- 
tures because  of  the  constant  necessity  imposed  upon  Vbe  latter 
of  avoiding  and  escaping  enemies.  Later  experience  in  the 
wiles  of  man  has  evidently  taught  them  nothing,  for  they  sel- 
dom reject  any  kind  of  poisoned  food  offered  them. 

As  stated  before,  poisoning  is  the  more  thorough  and  easily 
applied  method  of  ridding  a  badly  infested  farm  of  the  pest 
It  is  also  the  best  method  if  the  territory  to  be  freed  from 
gophers  is  of  considerable  extent.  In  either  of  the  above  cases 
one  man  can  accomplish  as  mwAi  with  poisoned  bait  as  a  half 
dozen  could  in  the  same  time  with  trai>s.  The  danger  of  kiU- 
ing  stodc  or  useful  birds  and  animals,  attending  the  use  of 
poison  tor  prairie  dogs,  English  sparrows,  and  the  like,  is  en- 
tirely eliminated  by  the  plan  of  introducing  the  bait  through 
small  openings  into  the  gophers'  burrows. 

Since  the  pocket  gopher  lives  naturally  on  the  roots  and 
tubers  of  native  plants,  or  on  succulent  vegetation  drawn  down 
into  the  burrow  from  the  surface,  it  follows  that  a  close  sub- 
stitute for  these  articles  will  make  the  best  bait  for  poisoning. 
Knowledge  gained  by  personal  experiments  and  by  careful  in- 
quiry among  farmers  and  fruit  growers  goes  to  show  that 
pieces  of  potato,  apple,  or  sweet  potato,  poiscmed  by  inserting 
a  few  crystals  of  strychnine  into  slits  made  with  the  point  of 
a  knife,  answer  the  purpose  very  well.    Some  correspondents 
have  reported  good  results  from  soaking  the  baits  in  a  solu- 
tion of  arsenic  or  strychnine.    Only  a  mechanical  mixture  of 
the  former  substance  can  be  obtained  in  water,  however,  and 
the  presence  of  particles  of  the  free  poison  on  the  surface  of  the 
bait  would  be  more  likely  to  cause  its  rejection  than  if  they 
were  concealed  in  small  slits.    Raisins  and  prunes,  treated  like 
the  pieces  of  potato  or  apple,  seem  to  be  very  effective  baits 
also.     Our  experience  with  specially  prepared  tablets,  sold 
under  patented  formulas,  does  not  warrant  us  in  recommend- 
ing them. 

There  is  some  question  as  to  the  efficacy  of  any  sort  of  scent 
applied  to  the  poisoned  bait.  We  have  tried  scented  and  un- 
scented  bait  at  the  Station  without  being  able  to  determine 
that  one  was  eaten  more  readily  than  the  other.  All  claims 
to  superiority  in  certain  proprietary  gopher  poisons,  based  on 
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the  uae  of  a  secret  scent,  may  be  set  down  as  lacking  the  war- 
rant of  practical  test.  It  is  true  that  the  sense  of  smell  is 
profoaUy  highly  developed  in  tiie  pocket  gopher,  owing  to  the 
necessities  of  his  midergroimd  life,  but  we  lack  evidence  as  to 
what  may  appeal  to  his  tastes.  Anise  oil  is  often  put  on  baits 
for  varknis  animals,  but  in  poisoning  gophers  as  good  results 
are  obtainable  witiiout  its  use. 

About  eight  years  ago  the  state,  through  a  special  agent, 
Prof.  D.  E.  Lantz,  purchased  the  right  to  manufacture  and 
distribute  within  the  borders  of  Kansas  a  certain  pn^rietary 
poison,  the  active  principles  of  which  are  strychnine  and 
cyanide  of  potassium.  This  poison  was  intended  to  be  used 
in  destroying  the  prairie-dogs  on  the  cattle  ranges  of  the  West,, 
but  it  was  found  that  by  leaving  out  one  ingredient — ^the 
cyanide  of  potassium — a  very  efficient  poison  for  pod^et  go- 
phers  could  be  prepared.  After  the  state's  contract  with  the 
special  agent  had  expired  by  time  limit,  the  work  of  manu- 
facturing and  distributing  this  poison  was  turned  over  to  the 
Department  of  Zoology  and  Entomology  in  the  College.  The 
poison  is  put  up  in  the  form  of  a  syrup  and  sent  out  in  quart 
cans  to  any  part  of  the  state.  On  each  can  is  a  printed  label 
giving  the  formula  used  in  prexmring  the  poison  and  full  di- 
rections for  its  use.  The  success  attending  the  use  of  this 
sjrrup  is  evidenced  by  the  fact  that  in  the  past  six  years  we 
have  sent  out  over  2500  cans.  Experiments  personally  con- 
ducted on  the  Station  grounds  and  elsewhere  have  borne  out 
the  uniformly  favorable  reports,  from  alfalfa  growers,  par- 
ticularly, as  to  the  merits  of  the  poison.  We  therefore  recom- 
mend this  poisoned  syrup  as  the  best  means  we  have  discov- 
ered so  far  for  the  destruction  of  pocket  gophers.  The  syrup 
is  sold  by  the  College  at  actual  cost  of  manufacture,  which  at 
present  is  $1.10  per  quart  can. 

The  method  of  using  this  poison  commends  itself  as  a  time 
saver.  Pour  boiling  water  over  as  much  shelled  com  as  you 
will  need — ^the  quart  of  syrup  will  poison  a  half  bushel — and 
let  it  stand  several  hours  to  swell  and  soften.  Drain  off  the 
water  and  pour  over  the  grain  enough  of  the  syrup  to  render 
it  sticky  when  thoroughly  stirred  together.  Sweeten  the  mass 
with  a  little  good  table  syrup  and  add  a  little  corn-meal  to 
take  up  the  excess  moisture,  but  not  enough  to  leave  any  dry 
meal.    Cork  up  the  syrup  can  tightly  and  place  it  out  of  reach 
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of  children  and  domestic  animals.    It  will  keep  indelBnitely  and 
'is  ready  for  use  at  any  time. 

The  soaked  com,  poisoned  as  above,  is  introduced  into  the 
burrows  of  the  gophers,  a  few  grains  at  a  place,  by  means  of 
an  old  spoon.  Openings  into  the  burrows  must  first  be  made 
with  a  sharp  stick — ^a  sharpened  broom  handle  will  serve  the 
purpose— or  a  spade  handle  shod  with  an  iron  point  and  hav- 
ing an  iron  foot-bar  some  distance  from  the  end  to  aid  in  mak- 
ing the  thrust.  Experience  will  soon  enable  one  to  tell  when 
he  has  struck  the  burrow,  which  can  be  located  approximately 
by  getting  on  a  line  between  two  mounds  of  earth.  After 
dropping  in  the  poisoned  grain  the  hole  may  be  left  open,  or  if 
closed  care  should  be  taken  not  to  allow  dirt  to  fall  in  and  cover 
up  the  bait.  If  the  hole  is  left  open  the  gopher  is  likely  to  be 
attracted  by  the  light  and  find  the  bait  the  sooner. 
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Two  forms  of  prod  for  loemtinflr  runways  of  the  poeket  ffopher  and  waking  openlnss 
for  the  introduction  of  poisoned  bait. 

The  same  method  of  introducing  the  poison  into  the  burrows 
is  employed  also  when  raisins  and  prunes  or  pieces  df  apple 
and  potato  are  used.  The  presence  of  freshly  thrown  up 
mounds  indicates  that  the  animal  is  extending  his  runways  in 
that  quarter,  and  it  is  best  to  confine  one's  poisoning  opera- 
tions to  such  places.  If  the  field  can  be  dragged  over  with  a 
harrow  or  plank  a  few  days  after  the  poison  has  been  put  out, 
new  mounds  can  be  readily  detected  and  fresh  poison  dis- 
tributed. If  the  work  was  thoroughly  done  in  the  first  place 
it  usually  takes  but  a  few  minutes  to  go  over  the  field  a  second 
time.  The  few  remaining  gophers,  if  any,  may  become  wary, 
and  in  that  case  they  should  be  trapped. 

A  few  experiments  performed  on  a  rather  extensive  scale 
seem  to  indicate  that  a  more  acceptable  bait  than  soaked  com  is 
to  be  found  in  finely  chopped  sweet  potatoes.  These  potatoes 
are  put  in  a  box  and  cut  up  with  a  sharp  spade  until  the  pieces 
average  about  the  size  of  the  end  of  one's  finger.  They  are  then 
treated  with  poisoned  syrup  as  in  the  case  of  the  com.  Th^'s 
bait  should  be  put  out  when  freshly  made,  as  it  is  likely  to  mold 
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if  left  standing  about  for  any  considerable  length  of  time.  Po- 
tatoes, mangels  and  turnips  were  also  given  a  trial,  but  they  all 
proved  to  be  too  mushy  when  chopped  up  with  the  spade.  The 
sweet  potato  lacks  the  watery  qualities  of  these  other  roots  and 
tubers  and  is  a  nearer  approach  to  the  natural  food  of  the 
pocket  gopher  than  is  com.  In  one  field  of  alfalfa,  consisting 
of  about  twenty  acres,  the  sweet  potato  bait  was  used  to  such 
good  effect  that  but  a  single  gopher  could  be  found  throughout 
the  rest  of  the  season,  although  previous  to  poisoning  and 
dragging  the  field  it  was  thickly  dotted  with  mounds.  Almost 
equally  good  results  were  obtained  at  different  times  in  two  or 
three  other  &nd  still  larger  fields. 

The  best  time  of  the  year  to  poison  gophers  is  when  they  are 
most  active  in  extending  their  burrows.  This  is  usually  in  the 
late  fall,  for  they  are  then  laying  in  stores  of  provisions  for  the 
winter.  Spring  is  a  period  of  renewed  activity,  and  poison 
may  be  successfully  used  at  this  time  also.  In  fact,  it  will  pay 
to  make  war  on  pocket  gophers  at  any  time  when  they  are  seen 
to  be  active. 

Fumigation. — ^The  use  of  carbon  bisulphide  vapor  or  the 
fumes  of  burning  sulphur  as  agents  for  destroying  the  pocket 
gopher  is  not  recommended  by  this  Station.  It  is  true  that 
fumigation  metihods  are  occasionally  followed  by  successful  re- 
sults, but  under  ordinary  conditions  the  game  is  not  worth  the 
powder.  We  have  other  remedies  for  the  pest  that  can  be  more 
easily,  more  effectively  and  more  cheaply  employed.  An  older 
bulletin  of  the  United  States  Department  of  Agriculture  recom- 
mends carbon  bisulphide  as  the  simplest  agent  for  the  destruc- 
tion of  gophers,  but  later  advices  from  the  same  source  par- 
tially discredit  the  former  recommendations,  and  experiments 
at  this  Station  contribute  to  the  same  result. 

The  ordinary  method  of  using  carbon  bisulphide  for  destroy- 
ing burrowing  rodents  is  to  pour  the  liquid  upon  a  wad  of  cot- 
ton, corn-cob,  or  other  porous  substance,  and  then  thrust  the  lat- 
ter into  an  opening  made  into  the  burrow,  closing  the  opening 
at  once  with  earth.  The  bisulphide  vaporizes  rapidly,  forming 
a  heavy  gas  which  is  supposed  to  flow  along  the  runways, 
smothering  the  occupants.  This  it  will  do  in  the  case  of  ani- 
mals whose  burrows  are  short  or  penetrate  deep  into  the  soil. 
The  pocket  gopher,  however,  in  his  search  for  food  ranges  so 
near  the  surface  of  the  ground  that  the  introduced  gas  has 
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plenty  of  opportunity  to  escape  through  the  loose  earth  or  to  be 
absorbed.  The  burrows  are  long  and  intricate,  branching  often 
and  in  places  reaching  almost  the  actual  surface,  especially 
where  the  excavated  earth  has  been  thrust  out  or  where  the 
animal  has  started  to  dig  an  exit  and  later  abandoned  the  work. 
If  the  ground  is  dry  the  gas  is  dissipated  the  more  rapidly, 
so  that  good  results  might  be  expected  only  when  the  soil  is 
sodden  by  recent  rains. 

With  us,  the  plan  of  forcing  the  gas  into  the  burrows  by 
means  of  a  bellows  gave  no  better  results  than  the  methods  de- 
scribed above.  The  apparatus  used  for  forcing  the  gas  con- 
sisted of  an  ordinary  two-gallon  kerosene  can  with  a  ten-inch 
hand-bellows  connected  by  a  short  piece  of  half-inch  hose  to  the 
opening  at  the  top  of  the  can.  This  end  of  the  hose,  or  a  tin 
tube  attached  to  it,  should  extend  nearly  to  the  bottom  of  the 
can,  so  that  the  air  from  the  bellows  will  have  to  bubble  up 
through  the  liquid  bisulphide  on  its  way  to  the  exit  at  the  spout. 
The  vapor  thus  formed  is  led  into  the  burrow  by  means  of 
another  short  piece  of  hose  attached  to  the  spout  of  the  can.  I 
have  described  the  apparatus  here  because  some  who  have 
used  it  in  localities  where  there  were  comparatively  few  go- 
phers and  the  burrows  simple  claim  that  they  have  rid  their 
farms  of  the  pest  by  this  means. 

In  order  to  give  the  gas-pumping  method  a  thorough  test,  a 
larger  quantity  of  bisulphide  was  used  in  repeated  experiments 
than  has  been  reconmiended  when  the  liquid  is  simply  to  be 
introduced  on  a  wad  of  cotton.  At  each  opening  made  into  a 
burrow  the  bellows  was  operated  four  or  five  minutes,  vaporiz- 
ing from  four  to  seven  ounces  of  carbon  bisulphide.  This  varia- 
tion in  the  amount  of  liquid  vaporized  in  equal  periods  of  time 
was  due  to  difference  of  quantity  put  into  the  can  before  the 
series  of  experiments  was  begun.  The  larger  the  quantity 
the  more  gas  will  be  evaporated  in  a  given  period.  As  carbon 
bisulphide  costs  about  twenty  cents  per  pound  retail,  the  ex- 
pense of  treating  each  burrow  was  therefore  from  five  to  eight 
cents,  not  counting  the  time  of  the  operator.  A  conservative 
estimate  will  place  the  average  cost  of  attempting  to  destroy 
pocket  gophers  by  this  method  in  the  alfalfa  fields  and  mead- 
ows of  central  Kansas  at  one  dollar  per  acre  for  materials 
alone.  Results  do  not  justify  this  expense.  In  a  series  of 
thirty  experiments  personally  sui>ervised  by  the  writer  during 
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the  fall  of  1906  and  spring  of  1907  but  four  were  attended 
with  successful  outcome,  three  of  these  at  a  time  when  the 
ground  was  fairly  well  soaked  by  recent  rains.  The  method 
of  determining  results  in  all  cases  was  to  open  the  burrow  some 
hours  after  the  introduction  of  the  gas  and  then  visit  the  spot 
a  little  later  to  note  whether  the  opening  had  been  closed.  As 
indicated  above,  in  twenty-six  out  of  thirty  cases  it  was  found 
that  fresh  dirt  had  been  pushed  into  the  opening,  showing  that 
the  occupant  of  the  burrow  was  uninjured.  In  a  series  of  ex- 
periments conducted  at  Alden,  Kan.,  with  the  plains  pocket 
gopher,  ten  out  of  twelve  openings  were  promptly  closed  after 
the  burrows  had  been  thoroughly  fumigated. 

In  one  experiment,  undertaken  with  particular  care,  a  line  of 
mounds  on  a  gentle  slope  of  prairie  sod  was  selected  as  indi- 
cating a  single,  simple  burrow.  At  a  point  100  feet  down  the 
slope  from  the  last  mound  in  the  line  an  oi>ening  was  made 
into  the  runway  and  the  latter  sufficiently  enlarged  to  receive 
a  cat.  In  four  minutes  from  the  time  the  operator  began 
pumping  gas  at  a  second  opening — 100  feet  distant — ^the  cat 
yielded  its  nine  lives  separately  and  individually  to  the  cause  of 
science.  Not  so  the  gopher,  however.  After  pumping  gas  into 
two  openings  made  below  the  point  where  the  cat  had  been 
placed,  the  field  was  abandoned  until  the  next  day,  when  it 
was  found  that  the  gopher,  or  gophers,  had  packed  some  of  the 
openings  and  were  defiantly  throwing  up  fresh  mounds. 

No  experiments  in  forcing  fumes  of  burning  sulphur  into  the 
burrows  were  undertaken,  but  in  a  number  of  the  trials  men- 
tioned above  the  charge  of  carbon  bisulphide  vapor  was  ex- 
ploded by  dropping  a  lighted  match  into  the  opening  of  the 
burrow  after  removing  the  can  to  a  safe  distance.  The  gas 
resulting  from  the  combustion  of  the  carbon  bisulphide  vapor 
is  the  same  as  that  produced  by  burning  sulphur — sulphur 
dioxide.  Although  no  disaster  to  the  gopher  seemed  to  follow 
these  explosions,  the  distance  to  which  the  gas  had  penetrated 
and  the  length  and  intricacies  of  the  burrow  was  demonstrated 
by  the  presence  of  smoke  or  loose  earth  forced  out  at  weak 
places. 

In  the  case  of  the  experiment  with  the  cat,  cited  above,  the 
investigator  who  furnished  the  apparatus  for  the  trial  under- 
took to  increase  the  efficiency  of  the  gas  by  adding  flowers  of 
sulphur  to  the  liquid  in  the  can.    This  served  only  to  clog  the 
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machine^  however,  as  none  of  the  sulphur  can  be  dissolved  in 
the  carbon  bisulphide.  A  certain  manufacturer  of  a  proprie- 
tary liquid  for  de8tro3ang  pocket  gophers  by  fumigation  claims 
that  he  has  added  something  which  will  increase  the  volume 
of  gas  arising  from  the  bisulphide.  More  attention  might  be 
paid  to  his  claim  if  efficiency  depended  upon  volume  alone. 

Trapping. — ^Although  somewhat  slow,  there  is  no  surer 
method  of  ridding  one's  premises  of  pocket  gophers  than  by 
trapping.  When  you  have  the  animal  fast  in  the  jaws  of  a 
trap  you  are  certain  that  his  career  of  uselessness  is  over.  If 
the  gopher  were  as  wise  as  a  rat  we  would  not  be  permitted  to 
indulge  this  feeling  very  often,  but  a  long  series  of  experi- 
ments has  convinced  me  that  he  will  blunder  into  almost  any 
sort  of  trap  that  is  set  for  him,  no  matter  how  we  set  it.  Long 
experience  in  the  wiles  of  man,  as  a  result  of  living  in  the 
nooks  and  corners  of  his  habitations,  has  developed  by  natural 
selection  a  race  of  rats  that  is  proverbial  for  sagacity.  Such 
shrewdness  the  pocket  gopher  will  never  know,  at  least  not 
until  after  many  generations  of  contact  with  his  sworn  enemy, 
man.  On  the  other  hand,  it  is  true  that  a  'Tbumed  child  dreads 
the  fire,''  and  after  a  gopher  has  once  been  nipped  by  a  trap 
that  failed  to  hold  him  he  becomes  more  or  less  wary,  and  the 
trap  must  be  set  in  a  different  way  or  poison  must  be  employed 
to  get  him. 

As  stated  elsewhere,  trapping  is  a  good  method  of  com- 
bating gophers  if  the  field  to  be  cleared  of  the  pest  is  small 
or  if  over  a  large  area  there  are  but  a  few  scattered  gopher 
tenants.  If  the  landowner  is  vigilant,  the  career  of  any  in- 
vader may  with  little  trouble  be  ended  by  the  use  of  the  trap. 
The  objections  to  trapping  are  that  it  is  slower  then  poisoning 
and  more  expensive,  particularly  the  latter,  if  one  must  hire 
somebody  to  do  the  work.  While  I  have  elsewhere  in  this  bul- 
letin presented  objections  to  the  bounty  system  as  a  public 
measure,  I  believe  that  money  paid  for  gopher  scalps  by  indi- 
vidual landowners  is  wisely  expended.  Give  your  boys  or  your 
neighbor's  boys  a  chance  to  earn  a  little  pocket  money,  and  thus 
by  expending  dimes  save  dollars  on  your  crops.  Furthermore, 
as  the  number  of  gophers  on  your  place  diminishes  raise  the 
price  per  scalp  now  and  then,  so  that  the  boys  may  be  encour- 
aged to  complete  the  extermination.  This  is  strictly  a  business 
proposition.    No  busy  farmer  need  give  much  of  his  time  to 
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the  work,  but  he  will  find  that  the  average  boy  will  get  as 
much  fiatisfaction  out  of  earning  money  by  trapping  wild  ani- 
mals as  he  will  from  expending  the  same  in  the  various  chan- 
nels known  only  to  his  tribe.  Then,  too,  the  farmer  will  have 
the  satisfaction  of  knowing  that  the  expense  of  freeing  his 
premises  of  the  pest  has  not  been  borne  by  the  public  treasury. 

In  the  course  of  our  experiments,  covering  a  period  of  three 
seasons,  several  makes  of  special  gopher  traps  have  been 
thoroughly  tested  for  efficiency,  and  the  ordinary  steel  trap 
has  been  set  in  various  ways  with  the  hope  of  finding  a  best 
way.  In  the  latter  respect  I  cannot  say  that  we  have  succeeded, 
for  it  does  not  seem  to  make  much  difference  how  one  sets  the 
steel  trap ;  results  will  be  about  the  same.  These  results,  ob- 
tained by  100  tests  of  each  of  four  or  five  different  methods, 
are  given  in  the  table  further  on. 

In  trapping  the  location  of  the  runway  is  determined  in  one 
of  two  ways :  by  prodding  with  a  sharp  stick  on  a  line  between 
two  fresh  hills  of  earth,  or  by  digging  into  the  mound  itself 
until  one  strikes  the  short  lateral.  A  sharpened  broomstick, 
or  a  wagon  rod,  and  a  spade,  are  the  best  tools  to  use  if  one 
follows  the  first  plan.  In  digging  into  the  mound  to  the  lateral 
a  heavy  plant  trowel,  with  a  strong  shank,  serves  the  purpose 
very  well,  and  can  be  carried  about  in  the  hip  pocket  when  not 

in  use.  A  careful  scrutiny  of 
the  mound  will  usually  reveal 
the  exact  spot  from  which  the 
dirt  was  thrown  out  and  ena- 

A  handy  tool  for  use  in  settinir  traps.  ^'^    ^^^e    tO  .lOCate    the    lateral 

with  very  little  digging. 
Among  the  methods  of  setting  the  steel  trap  which  sug- 
gested themselves  to  us,  or  were  recommended  by  others,  we 
tested  five.  As  stated  before,  the  per  cent  of  catch  did  not 
vary  greatly.  The  plan  of  digging  into  the  lateral  at  the 
mound,  pushing  the  trap  back  a  little  way  and  leaving  every- 
thing open  gave  the  poorest  results.  More  of  these  traps  were 
packed  with  earth  and  fewer  caught  and  held  the  gopher  than 
when  set  in  any  other  way.  Attracted  by  the  flood  of  light 
which  enters  the  burrow  at  the  large  opening  the  animal  is 
pretty  sure  to  come  pushing  a  heavy  load  of  dirt  ahead  of  him. 
This  clogs  the  trap  at  once.  The  plan  of  admitting  a  little 
light  through  a  chink  between  the  sods  covering  the  opening 
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into  the  burrow,  or  through  a  hole  bored  for  that  purpose  in  a 
board,  demonstrated  that  the  admission  of  any  light  at  all  is 
unnecessary  and  perhaps  operates  to  reduce  the  catch.  The 
gopher  is  not  so  likely  to  be  pushing  a  load  of  dirt  when  he  en- 
counters the  steel  trap  in  the  dark.  As  between  covering  the 
trap  itself  or  leaving  it  uncovered,  I  should  recommend  the 
latter  plan.  In  a  series  of  100  tests  we  carefully  covered  one 
trap  in  each  case  with  tissue  paper  and  flne  earth  and  left  the 
other  exposed.  The  per  cent  of  catch  was  so  nearly  the  same 
that  the  slight  difference  in  favor  of  the  covered  trap  would  not 
warrant  the  expense  of  extra  time  required  to  set  the  traps  in 
this  way.  In  fact,  later  experiments,  performed  when  the 
ground  was  wet  from  recent  rains,  gave  the  poorer  result  for 
the  covered  trap,  on  account  of  the  jaws  clogging.  As  the 
gopher  in  his  underground  tunnels  must  be  guided  entirely  by 
the  sense  of  smell  and  of  feeling,  there  could  be  no  particular 
advantage  in  concealing  the  trap  with  a  thin  covering  of  earth. 
This  practice  has  no  doubt  arisen  from  similar  methods  em- 
ployed in  trapping  animals  that  live  above  ground. 

It  seems  to  me,  therefore,  that  the  most  practical  and  effi- 
cient method  of  using  the  steel  trap  is  to  simply  open  the  bur- 
row at  some  point,  introduce  the  trap,  and  completely  cover  the 
opening  you  make  with  sods,  a  bunch  of  hay,  or  perhaps  a 
board — anything  that  is  convenient  and  will  exclude  all  light. 
Vary  the  method  of  setting  the  trap  if  the  animal  keeps  filling 
it  with  earth.  Placing  the  trap  vertically  in  the  runway,  with 
jaws  down,  will  sometimes  give  good  results.  We  have  never 
tried  baited  traps  of  any  sort.  I  believe,  however,  from  the 
evidence  of  a  few  experiments,  that  one  may  increase  the  per 
cent  of  catch  by  covering  the  opening  above  the  trap  with 
freshly  cut  alfalfa. 

Traps  designed  especially  for  the  pocket  gopher  have  the 
advantage,  over  the  steel  trap,  of  being  more  easily  and  quickly 
set  and  of  killing  the  animals  at  once  instead  of  holding  them 
by  the  leg  for  hours.  Some  of  them  also  have  given  us  a  higher 
per  cent  of  catch  than  the  steel  trap.  Of  the  five  different  pat- 
terns we  have  tested,  all  are  built  on  pretty  much  the  same 
lines.  They  are  intended  to  be  set  at  the  end  of  a  lateral,  and 
are  so  constructed  as  to  throw  when  the  gopher  pushes  a  load 
of  earth  against  the  trigger.  A  choker  or  a  pair  of  sharp 
prongs  does  the  rest.    In  setting  any  of  these  traps  a  ray  of 
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light  must  be  admitted  to  the  burrow  through  a  small  opening, 
so  as  to  attract  the  attention  of  the  gopher  and  cause  him  to 
come  with  a  load  of  earth  to  stop  up  the  hole.  The  trigger  in 
any  such  special  trap  should  be  about  three  inches  beyond  the 
choker,  so  that  when  the  former  is  tripped  by  pressure  of  the 
earth  the  animal  will  have  his  neck  well  in  the  noose. 

The  "California*'  gopher  trap  and  the  "O.  K.'*  gopher  trap 
are  almost  identical  in  appearance  and  design.  Both  are  easily 
and  quickly  set,  and  good  results  are  obtainable  by  the  use  of 
either  one.  Each  consists  of  a  small  box  with  one  end  open 
for  the  entrance  of  the  gopher's  head.  At  the  opposite  end  of 
the  box  a  small  hole  is  bored  to  admit  a  ray  of  light.  The  box, 
when  the  trap  is  set,  practically  forms  a  continuation  of  the 
burrow.  It  should  be  placed  with  the  open  end  close  up  to  the 
opening  into  the  lateral  and  the  line  of  contact  between  trap 
and  lateral  sealed  with  a  few  handf uls  of  earth  so  that  no  light 
may  reach  the  burrow  except  through  the  small  hole  in  the  end 
of  the  box.  The  trigger  is  skeleton  in  form  so  as  not  to  ob- 
struct this  light,  and  depends  vertically  from  the  center  of  the 
box. 

The  "Out  O'  Sight"  gopher  trap  is  built  like  the  "California," 
except  that  the  sides  and  end  of  the  box  have  been  omitted — 
simply  the  roof  is  left  for  the  attachment  of  the  working  parts. 
This  trap  is  to  be  set  in  the  same  manner  as  the  two  just  de- 
scribed, but  one  end  has  to  be  supported  by  means  of  a  small 
stick  laid  across  the  opening  into  the  burrow  and  sods  must  be 
used  to  exclude  all  light,  except  the  ray  which  is  to  attract  the 
attention  of  the  gopher.  Plainly  the  disadvantage  in  the  use 
of  this  trap  is  in  the  greater  length  of  time  required  to  set  it. 

The  "Newhouse"  gopher  trap  is  entirely  of  steeL  It  is  ar- 
ranged to  trip  in  the  same  way  as  the  others,  but  instead  of  a 
choker  it  has  three  sharp  prongs  which  strike  down  into  the 
neck  of  the  animal.  It  is  the  least  efficient  of  all  of  the  makes 
of  special  gopher  traps  we  have  tried.  If  properly  set  it  must 
be  supported  by  a  stick  at  one  end,  and  so  covered  by  sods  as  to 
leave  only  a  small  chink  open.  It  is  so  light  that  a  gopher 
coming  with  his  load  will  upset  it  oftener  than  spring  it.  Tfie 
small  size  of  the  trap  also  permits  it  to  be  drawn  back  into  the 
burrow  if  the  animal  is  caught.  In  this  way  we  lost  half  of  our 
traps  the  first  week  of  our  experiments.  If  used  at  all  they 
should  be  secured  with  chain  and  stake.    A  few  experiments 
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seem  to  indicate  that  this  trap  gives  much  better  results  when 
used  in  the  smaller  burrows  of  the  plains  pocket  gopher. 

The  "Hooker"  trap  is  one  of  the  best  of  the  special  devices 
for  catching  the  pocket  gopher.  In  design  and  mechanical 
working  it  is  much  like  the  "California"  and  the  "0.  K"  traps, 
but  it  possesses  the  special  advantage  of  having  its  shield  or 
box  made  of  galvanized  iron,  instead  of  wood  as  in  the  others. 
The  wooden  traps  sometimes  warp  badly  from  contact  with 
the  damp  earth  and  we  have  had  several  gnawed  to  pieces  by 
gophers  held  fast  in  such  a  way  as  to  escape  choking. 

Steel  Trap  Tests. 


Conditions  under  which  traps  wer«  set. 

Number 
traps 
set. 

Number 
disturbed. 

Number 
sophers 
cauffht. 

Percmt 
catch. 

Entrance  to  barrow  entirely  darkened:  trap  covered 
with  tissue  paper  and  fine  earth 

Entrance  to  barrow  entirely  darlcened;  trap  left  an- 
covered 

100 

100 
100 

100 

T7 

76 
81 

06 

28 

25 

17 

18 

86-f- 
SS+ 

Entrance  to  burrow  covered  by  board  having  a  small 
hole  for  the  admission  of  lisrht:  trap  not  covered . . 

21 

27+ 

In  all  cases  the  light  No.  0  steel  traps  were  used.  They  were 
placed  horizontally  in  the  runways  and  were  not  baited.  The 
per  cent  catch  is  based  on  the  number  of  traps  disturbed*  in- 
cluding those  that  caught  and  held  the  gopher.  The  tests  were 
made  mainly  in  the  spring  and  fall  months. 

Special  Trap  Tests. 


Trade  name  of  trap. 


Number 
traps 
set. 


Number 
disturbed. 


Number 
gophers 
caoffht. 


Percent 
taXxku 


California  Gopher  Trap 

Newhouse  Gopher  Trap , 

Out  O*  Sight  Gopher  Trap.. 

Newhouse  Trap  modified  by  addition  of  sheet-iron 

shield  and  skeleton  trigger 

Ordinary  steel  trap  set  various  ways 


100 
100 
100 

100 
100 


71 
72 


69 
76 


26 
14 

86 

26 
28 


86+ 
lf+ 
43+ 

87+ 
80+ 


Note. — At  the  time  these  tests  were  made  the  Hooker  trap  was  not  on 
the  market,  or  at  least  had  not  been  brought  to  our  notice. 

The  best  time  to  trap  is  in  the  spring  and  fall,  particularly 
in  October  and  November.  At  those  seasons  the  gophers  are 
especially  active  in  extending  their  burrows  or  storing  up  food 
It  will  generally  pay  to  run  the  traps  twice  a  day — in  the 
morning  and  as  late  as  practicable  in  the  evening.  Experience 
has  proven  that  one  may  sometimes  catch  a  second  gopher  by 
resetting  at  the  same  opening  where  a  gopher  has  already  been 
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trapped,  but  is  scarcely  worth  while  ta  make  the  attempt  un- 
less one  notices  after  trapping  the  first  animal  that  the  opening 
into  the  burrow  has  been  filled  again  from  the  inside. 

Shooting;  Trap  Guns. — ^If  one  has  the  time  and  inclina- 
tion to  do  a  little  shooting,  he  can  kill  quite  a  few  gophers  with 
the  shotgun.  The  best  time  for  shooting  is  early  in  the  morn- 
ing or  late  in  the  evening,  when  the  animals  are  pushing  out 
their  loads  of  earth.  Open  holes  can  then  usually  be  found,  but 
if  not  one  can  easily  open  a  few  burrows  and  keep  watch  of 
those  which  are  being  filled  up  again.  It  requires  quick  work 
on  the  part  of  the  sportsman  to  bag  his  game,  for  all  that  can 
usually  be  seen  is  a  little  spurt  of  earth  and  perhaps  a  nose.  In 
a  few  cases  that  came  under  my  notice  a  bag  of  ten  or  a  dozen 
gophers  was  made  in  a  single  evening  or  morning. 

A  trap  gun  so  arranged  as  to  be  discharged  by  the  act  of  the 
gopher  in  pushing  against  an  obstruction  in  his  burrow  has 
been  recommended  by  at  least  two  of  the  experiment  stations. 
The  objection  to  this  recommendation  lies  in  the  first  cost  of 
the  mechanism  and  the  amount  of  time  required  to  visit  and 
reset  the  gun  each  time  it  has  been  discharged. 

SUMMARY. 

1.  The  prairie  pocket  gopher  is  most  abundant  in  the  cen- 
tral and  northeastern  parts  of  the  state,  particularly  in  the 
region  drained  by  the  Kansas  river  and  the  lower  courses  of 
its  main  tributaries.  The  plains  pocket  gopher  is  found  in 
more  scattering  numbers  in  the  western  third  of  the  state  and 
down  the  Arkansas  valley  to  some  distance  east  of  the  great 
bend.  Southeastern  Kansas  is  comparatively  free  from  go- 
phers. 

2.  The  gopher  digs  extensive  runways  in  the  subsoil  of 
wild  lands  and  cultivated  fields,  piling  the  excavated  earth  in 
mounds  on  the  surface.  These  runways  have  no  exit  above 
ground.  A  single  animal  will  throw  up  several  mounds  a  day 
for  weeks  at  a  time.  A  gopher  spends  his  entire  time  in  his 
underground  burrow. 

S.  Gophers  breed  in  the  late  winter  and  early  spring.  Preg- 
nant females  may  be  found  from  January  to  May,  but  the 
young  are  nearly  all  bom  in  March  and  April.  There  is  but 
one  brood  a  year.  The  number  of  young  varies  from  three  to 
six,  and  averages  a  little  more  than  four. 
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4.  The  naturatl  food  of  the  pocket  ^^opber  consists  of  the 
flesiiy  roots  it  enoonrnters  in  ^eartendin^  its  runways,  vriiSfi  the 
addition  of  «Kme  succnlent  v^ebtHioak  drswn  ^dcmm.  into  the 
burrow  from  above  ground.  Some  food  is  stored  in  under- 
ground xshAmbers  for  winter  use. 

5.  Gofphers  are  active  at  all  seasoors,  but  particulady  so  in 
the  fall  said  spring.  They  do  not  hibernate.  They  throw  vsp 
mounds  any  day  in  the  year  when  the  ground  is  not  frozen  too 
hard  for  mining  iterations. 

6.  The  pocket  gopher,  by  reason  of  his  secluded  hfe,  has  bcrc 
£ew  natural  enemies.  Bull-snakes,  weasels,  owls,  cats  and 
striped  skunks  destroy  some  of  them,  but  cannot  be  depended 
upon  to  keep  them  m  check. 

7.  Cultivated  crops  are  damaged  by  the  at^wrks  of  gmphwii 
on  their  root  systems  and  by  being  covered  with  esocavated 
earth.  Much  loss  to  the  farmer  also  occurs  through  the  ob- 
struction to  harvesting  operations  occasioned  by  the  presence 
of  the  -mounds.  The  alfalfa  grower  has  the  most  ground  for 
complaint,  but  nurserymen^  orchardists,  truckers  and  potato 
farmers  also  suffer  heavy  losses. 

8.  We  have  in  Kansas  two  laws  affecting  the  gopher;  one  a 
compulsory  extermination  law,  the  other  a  bounty  law.  The 
compulsory  extermination  law  has  two  weak  points,  which 
render  it  practically  inoperative.  The  bounty  law  has  been 
tried  and  found  wanting.  Better  results  can  be  obtained,  and 
at  much  less  cost,  by  the  plan  of  furnishing  poison  at  the  ex- 
pense of  the  county  or  township. 

9.  Poisoning  is  the  best  method  of  combating  the  pocket 
gopher  we  have  so  far  discovered.  Trapping  is  effective,  but 
slower  than  poisoning.  Fumigation  does  not  give  good  re- 
sults, and  therefore  we  do  not  recommend  it.  The  poisoned 
baits  that  have  given  us  the  best  results  are  soaked  com  or 
finely  chopped  sweet  potatoes  treated  with  a  syrup  prepared 
by  the  Experiment  Station.  Kaisins,  prunes  and  pieces  of 
apple,  potato  and  sweet  potato  into  which  crystals  of  strych- 
nine have  been  inserted  also  make  excellent  baita,  but  require 
much  more  time  in  preparation  than  the  com  or  sweet  potato 
baits. 

10.  Extermination  of  the  pocket  gopher  in  Kansas  is  not  to 
be  looked  for,  but  communities  may  be  entirely  freed  from  the 
pest  by  persistent  and  concerted  action  on  the  part  of  land- 
owners. 
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Fig.  3. 


FV.4. 


Flp.e. 


Fiff.  1.  Newhouse  iropher  trap.  Fiff.  2.  Out  O'  Siffht  sopher  trap.  Fig.  3,  California 
ffopher  trap.  Fig.  4.  Newhouse  trap  as  modified  for  use  at  this  Station.  Fig.  6.  Bt«el 
trap  No.  0.     Fiff.  6.  the  steel  jump  trap. 
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Meningo-Encephalitis  {Blind  Staggers). 

By  THOBfAS  P.  Haslam, 
Assistant,  Com  Mold  Investigations. 

This  disease  (1),  commonly  known  as  staggers,  blind  stag- 
:gers,  sleepy  staggers  and  mad  staggers,  has  occurred,  in  out- 
breaks of  greater  or  less  severity,  in  many  sections  of  the  Uni- 
ted States.  Among  a  large  number  of  states  in  which  losses 
Jiave  occurred,  Kansas,  Texas,  Louisiana,  North  Carolina,  Del- 
•aware  and  Arkansas  have  experienced  the  most  trouble. 

Previous  to  the  establishment  of  the  Veterinary  Depart- 
ment of  this  Experiment  Station  we  have  no  written  record  of 
the  trouble  in  this  state,  but  various  farmers  and  veterinarians 
seem  to  have  encountered  cases  at  a  very  early  date.  In  1891, 
430on  after  assuming  his  duties  as  veterinarian  of  this  S);ation, 
Doctor  Mayo  investigated  a  severe  outbreak  that  extended 
-over  almost  the  entire  state.  He  states  that  owing  to  the  dry 
weather  the  com  crop  was  almost  a  total  failure,  and  that  a 
certain  green  mold,  Aspergilhis  glaucus,  had  badly  damaged 
the  small  amount  of  com  that  was  grown.  To  this  mold  he 
•attributed  the  death  of  the  horses.  In  1902,  and  again  in 
1906,  there  were  severe  outbreaks  in  various  portions  of  the 
state.  Besides  these  general  outbreaks  there  seems  to  be  a 
•<x>ntinual  loss  of  horses  from  staggers  in  any  locality  in  which 
4nuch  com  of  an  inferior  grade  is  fed. 

During  the  outbreak  of  1906  the  writer  began  an  investiga- 
tion of  this  trouble  under  the  direction  of  Dr.  F.  S.  Schoen- 
leb€»r,  veterinarian  of  the  Kansas  Experiment  Station.  Exam- 
ination of  com  from  the  seat  of  the  outbreak  failed  to  show 
the  presence  of  Aspergillus  glaucus,  but  did  show  three  molds : 
Jliucor  rhizopodoformis,  Rhizopus  nigricans,  and  Fvsarium  sp. 
Accordingly  an  investigation  of  the  properties  of  these  molds 
was  carried  out  by  the  writer  for  the  next  two  years,  and  con- 
tinued by  Dr.  P.  J.  Meenen  during  the  years  1908  and  1909. 
Owing  to  insufficient  funds  progress  was  slow  until  July,  1909, 

Note. — ^We  are  indebted  to  Dr.  M.  A.  Barber  of  the  Kansas  University 
Medical  School  for  many  valuable  suggestions,  and  to  Dr.  C.  E.  Basseler 
•t)f  Greensburg  and  Dr.  F.  0.  Chase  of  Haviland,  Kansas,  for  much  aid 
lin  our  field  investigations. 

(235) 
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when  the  writer  was  employed  to  devote  his  entire  time  to  re- 
search work  upon  this  subject. 

In  addition  to  the  results  recorded  in  this  bulletin,  there  ha& 
accumulated  a  large  amount  of  material  of  a  purely  scientific 
nature  which  will  be  published  later.  While  the  exact  cause 
of  the  trouble  has  not  as  yet  been  discovered,  there  seems  to. 
be  no  doubt  that  it  can  be  produced  by  immature  ears  of  com 
infected  by  the  molds  described  later  in  this  bulletin.  Ebcperi- 
ments  are  being  carried  out  at  present  to  determine  whether 
such  immature  ears  free  from  molds  will  produce  the  same  re- 
sults, or  whether  these  molds  themselves  produce  a  poison  ca- 
pable of  causing  the  staggers.  When  these  experiments  have 
been  completed,  several  points  which  are  not  as  yet  clear  will 
probably  be  decided.  While  in  this  state  we  have  few  authentic 
records  of  cases  occurring  when  the  horses  have  not  been  fed 
on  com,  yet  in  other  states  severe  losses  of  horses  have  oc- 
curred when  the  grass  in  the  pastures  becomes  moldy.  Since^ 
the  disease  in  this  state  has  occurred  almost  exclusively  where 
the  horses  have  been  fed  upon  this  immature  moldy  com, 
these  results  are  published  as  a  preliminary  report,  at  this 
time,  in  order  to  prevent  further  loss  of  horses  from  this  cause. 

The  work  has  been  done  under  the  direction  of  Dr.  F.  S. 
Schoenleber,  veterinarian  of  this  Station.  Much  valuable  as- 
sistance has  been  given  by  Dr.  L.  W.  Goss,  pathologist  of  this- 
department;  the  autopsies  on  all  of  the  cases  recorded  in  this, 
bulletin  having  been  held  by  him.  Martin  Dupray  has  been 
for  the  past  year  a  constant  and  efficient  aid  in  these  investi- 
gations, and  the  analyses  of  the  moldy  feed  were  largely  car- 
ried out  by  him.  Cultures  of  many  of  the  molds  encountered 
in  this  work  have  been  sent  to  Dr.  Chas.  Thom,  of  Storrs» 
'  Conn.,  who  has  given  much  valuable  aid  in  their  identification. 

SUMMARY. 

The  contents  of  this  bulletin  may  be  briefly  summarized  aa. 
follows : 

1.  Feeding  horses  upon  immature  com  badly  infected  with 
molds  and  worm  dirt,  with  its  accompanying  bacteria,  pro- 
duces typical  cases  of  staggers. 

2.  The  extract  of  such  com  is  rapidly  fatal  to  rabbits. 

3.  Aspergillus  flavus,  Aspergillus  niger  and  RhizopuB 
nigricans  have  been  found  abundantly  on  the  com  only  in  lo- 
calities which  lose  horses  from  staggers. 
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4.  Com  containing  any  molds  should  be  thoroughly  cleaned 
or  "floated"  before  feeding. 

6.  Mixing  com  with  bran  and  oats  seems  to  lessen  the 
danger. 

6.  Treatment  to  be  effective  must  be  begun  early. 

7.  This  department  will  analyze  and  report  upon  samples 
of  com  free  of  charge.  About  one  peck  is  needed,  which  should 
be  sent,  prepaid,  to  the  Veterinary  department  of  the  Kansas 
State  Agricultural  College. 

DIAGNOSING  THE  TROUBLE. 

During  the  course  of  these  investigations  it  was  found  that 
in  some  localities  cases  which  were  reported  as  staggers  were 
in  reality  typical  cases  of  parasitism  produced  in  horses  by 
the  palisade  worm  {Sclerostoma  equinum,  or  Strongylus  ar^ 
mattis)  in  the  intestines  and  blood  vessels,  the  error  arising 
from!  the  similarity  of  some  of  the  symptoms  of  the  two  dis- 
eases. Those  familiar  with  the  course  of  either  disease  rarely 
make  this  mistake.  To  avoid  this  error  some  of  the  symptoms 
seen  in  each  trouble  are  given  below  in  parallel  columns : 


STAGGERS. 
Previatia  history: 

Animal  has  been  running  in  a 
stalk    field    or    eating    wormy    or 
moldy  com,  smutty  grass,  or  de- 
cayed food. 
Beginning : 

If  the  animal  has  been  carefully 
watched  some  loss  of  appetite  may 
have  been  noticed,  otherwise  the 
first  symptoms  observed  will  be 
that  the  horse  stumbles  over  ordi- 
nary low  objects.  If  the  animal  has 
not  been  worked  these  symptoms 
may  be  overlooked.  Eyes  either 
dull  or  excited. 
Development: 

A  few  hours  after  showing  the 
above  symptoms  the  horse  will 
either  develop  (a)  "mad  staggers" 
or  (6)  "sleepy  staggers,"  or  a  com- 
bination of  the  two. 
(o)    Mad  staggers: 

The  horse  becomes  very  violent, 
runs  through  fences,  into  trees, 
machinery,   etc.,  usually  traveling 


pausam:  worm. 
Previous  history: 

Animal  has  been  in  pasture  con- 
taining stagnant  water,  or  has 
been  watered  from  a  dirty  trough. 

Beginning : 

The  first  symptoms  may  be  any 
one  or  a  combination  of  the  follow- 
ing: CoHc,  restlessness,  or  weak- 
ness of  the  back. 


Development: 

The  animal  is  usually  restless, 
falling  or  throwing  itself  down  and 
gretting  up  again  in  a  few  minutes. 
When  no  longer  able  to  get  up  it 
struggles  violently  at  variable  in- 
tervals and  paws  so  vigorously  that 
it  ultimately  digs  a  half  circle 
around  itself  in  the  dirt.  Often  it 
bites  at  its  sides. 
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STAGGERS. 

in  circles^  It  cannot  be  driven 
pr  led  through  the  bam  door  with- 
out running  against  one  side. 
After  a  few  hours  the  horse  be- 
comes quiet  and  the  symptoms  re- 
semble those  of  sleepy  staggers. 


PAUSADB  WORM. 


/» 


Sleepy  staggers: 


The  patient,  either  with  or  with- 
out having  shown  the  above  symp- 
toms, becomes  stupid  and  sleepy, 
leans  against  the  side  of  the  bam, 
or  pushes  against  the  manger; 
stands  with  legs  spread  apart  in  a 
characteristic  manner;  refuses  to 
be  led;  but  some  cases  can  be  made 
to  go  backwards. 
*  Treatment: 

If  the  intestines  can  be  emptied 
and  excretion  stimulated  soon  after 
the  first  symptoms  are  noticed 
many  of  the  cases  will  recover. 

Recovery: 

Pew  cases  recover  without  treat- 
ment. 


Duration: 

Usually  from  six  or  eight  hours 
to  days. 
PoeUmortem: 

Congestion  of  the  intestines,  brain 
and  its  coverings  (meninges),  are 
ofoally  observed.  (Some  writers 
report  softened  areas  in  the  brain.) 


Treatment: 

After  the  symptoms  appear  treats 
ment  cannot  greatly  alter  the 
course  of  the  disease.  The  para- 
sites should  be  removed  from  the 
intestines. 
Recovery : 

It  is  not  unusual  for  cases  to  re- 
cover   without    treatment    if    the 
parasite  does  not  invade  the  circu- 
lation to  any  great  extent. 
Duration: 

Some  cases  die  almost  instantly,, 
others  show  symptoms  for  months. 
Post-mortem: 

The  finding  of  large  numbers  of 
palisade  worms  in  a  part  of  the 
large  intestine  (c»cum),  or  en- 
largements (aneurisms)  of  the  an- 
terior mesenteric  or  other  arteries^ 


RELATION  TO  CORNSTALK  DISEASE. 
The  observations  of  this  department  have  not  been  suf-^ 
ficiently  extensive  to  determine  the  relation  between  staggers 
and  the  so-called  cornstalk  disease.  The  latter  is  the  name 
popularly  applied  to  many  disorders  of  the  digestive  tract  in 
cattle  and  horses,  some  of  which  are  clearly  not  the  result  of 
any  poison  or  toxin.  It  seems  that  neither  the  seasons  nor  the 
localities  in  which  many  cattle  have  died  in  the  stalk  fields  co^ 
incide  with  those  in  which  severe  outbreaks  of  staggers  in 
horses  have  occurred. 
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RELATION  TO  PELLAGRA. 

At  the  first  pellagra  conference,  held  in  Columbia,  S.  C.  (2), 
Doctor  Wood  pointed  out  the  similarity  of  pellagra  in  man  and 
staggers  in  the  horse,  and  expressed  the  opinion  that  the  dis- 
eases are  identical.  A  careful  review  of  the  literature,  and 
feeding  experiments  with  various  animals  carried  out  by  this 
Station,  have  indicated  that  only  man  and  the  horse  develop 
a  recognized  set  of  nervous  symptoms  from  eating  moldy  food. 
In  other  animals,  diseases  of  the  stomach  and  intestines  some- 
times result  and  death  occasionally  follows  from  diarrhoea  and 
inflammation  of  the  bowels.  This  is  particularly  true  in  the 
case  of  white  mice,  guinea  pigs  and  rabbits.  These  experi- 
mental results  agree  with  the  practical  observations  of  many 
farmers  and  stockmen.  Ahnost  all  farmers,  even  in  districts 
suffering  from  staggers,  feed  the  moldiest  portions  of  the  com 
to  their  hogs,  apparently  without  injurious  results.  Some 
feeders  exercise  no  care  whatever  in  selecting  the  feed  for 
their  cattle,  or,  if  they  do,  they  select  the  best  portions  for 
their  horses  and  feed  the  refuse  com  to  the  cattle.  As  yet 
few  reports  of  loss  from  feeding  cattle  moldy  feed  have 
reached  us,  though  the  practice  can  scarcely  be  recommended. 
If,  as  seems  to  be  the  case,  man  and  the  horse  are  peculiarly 
aflfected  by  moldy  feed,  then  experiments  upon  horses  have 
the  greatest  significance  in  the  investigation  of  the  very  ob- 
scure trouble  in  man  known  as  pellagra.  The  positive  results 
of  the  feeding  experiments  recorded  below  add  strength  to  the 
theory  that  pellagra  may  be  caused  by  an  almost  exclusive  diet 
of  unsound  or  immature  Indian  com. 

CAUSE  OF  STAGGERS. 

Several  publications  by  various  experiment  stations  have 
dealt  with  this  disease.  Their  results  have  been  for  the  most 
part  negative.  Foreign  investigators  have  likewise  obtained 
almost  uniformly  negative  results  when  feeding  horses,  cattle 
sheep  or  goats  upon  moldy  feed.  But  Doctor  Klimmer  (5),  of 
Berlin,  one  of  the  leading  German  veterinary  authorities,  in 
commenting  upon  these  negative  results,  issues  a  warning 
against  the  use  of  such  feed,  saying  that  the  frequent  losses 
of  stock  following  the  use  of  moldy  feed  renders  it  very  prob- 
able that  the  experiments  were  not  sufficiently  extensive  from 
which  to  draw  conclusions. 

While  a  large  number  of  experiments  have  been  conducted 
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by  the  Veterinary  Department  of  the  Kansas  Experiment  Sta- 
tion during  the  past  three  years,  only  a  brief  summary  of  the 
work  will  be  presented  here,  leaving  a  full  report  until  the 
experiments  now  in  progress  are  completed. 

MOLDS  ATTACKING  KANSAS  CORN. 
Black  cottony  mold  (Mucor  rhizopodoformis) ,  yellow-green 
dusty  mold  (Aspergillus  fiavus) ,  grajdsh  cottony  mold  (/Jfti- 
zoptis  nigricans),  and  black  diisty  mold  (AspergilVus  niger), 
occur  on  the  corn  in  great  abundance  under  certain  conditions. 
They  have  all  been  shown  to  produce  more  or  less  poison,  and 
until  more  evidence  has  accumulated,  com  infected  with  any 
of  the  above  molds  should  not  be  fed  to  horses.  These  three 
molds  occur  abundantly  upon  the  com  in  districts  losing  horses 
from  staggers,  but  are  rarely  found  upon  the  com  where  stag- 
gers does  not  exist.  They  do  not  seem  to  possess  the  power  to 
attack  uninjured  ears  of  corn,  but  follow  some  injury,  usually 
that  produced  by  the  corn-ear  worm.  If  the  ear  is  a  thrifty,  vig- 
orous one,  the  growth  of  the  mold  will  probably  confine  itself 
to  the  vicinity  of  the  injured  grains.  But  if,  as  in  dry  seasons, 
or  because  of  poor  soil,  the  com  is  stunted,  then  these  molds 
are  able  to  cover  the  entire  ear.  This  is  especially  true  if 
the  dry  spell  which  partially  kills  the  com  is  followed  by  a 
warm  wet  spell,  which  favors  the  growth  of  the  mold. 

EXPERIMENTS  WITH  MOLDS  AND  BACTERIA  GROWN  IN  THE 

LABORATORY. 

Rabbits,  guinea  pigs  and  horses  have  been  fed,  for  periods 
of  about  one  month  each,  upon  food  in  which  was  mixed  a 
liberal  supply  of  mold,  without  results.  The  molds  employed 
were  Aspergillus  fiavus,  Aspergillus  niger  and  Mucor  rhizo- 
podoformis. The  latter  mold  kills  rabbits  in  three  days  when 
injected  into  their  veins,  but  three  rabbits  were  maintained 
for  nearly  a  month  upon  feed  which  was  black  with  this  mold 
without  noticeable  injury. 

At  the  present  time  this  department  is  feeding  horses  upon 
molds  grown  in  the  laboratory,  and  the  result  will  tend  to  show 
whether  the  molds  or  the  immature  com  itself  is  the  cause  of 
the  trouble. 

Of  the  bacteria  found  upon  the  com,  one  species  (belonging 
to  the  ^ro genes  group)  is  usually  fatal  to  horses  and  rabbits 
when  injected  into  their  veins.  It  does  not  develop  in  the 
blood  and  often  entirely  disappears  from  it  if  the  animal  does 
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not  die  for  some  time.  Bacteria  which  have  been  heated  to 
boiling  for  half  an  hour  are  just  as  injurious  as  the  living  ones. 
This  bacterium  is  always  present  in  the  excrement  of  the  corn- 
ear  worm,  and  exists  in  large  quantities  in  the  so-called  worm 
dust  of  com. 

FEEDING  EXPERIMENTS  WITH   MOLDY  CORN. 
Analyaia  of  Material  Fed, 

The  moldiest  com  available  in  the  state  was  obtained  and 
graded  as  follows :  The  length,  average  diameter  of  each  ear, 
and  number  of  square  inches  damaged  by  each  species  of  mold, 
were  measured,  and  from  the  data  thus  obtained  the  average 
content,  for  the  entire  experiment,  of  each  mold  given  below, 
was  calculated : 

Total  area  damaged  by  aU  molds 24.54  per  cent. 

Area  damaged  by  Aspergillus  flavus 1.58    '' 

"  "         by  Aspergillua  niger 8.64    " 

"  "         hy  Fusarium  Sp 6.92    " 

"  "         hjPenieilliwn  glaucum,...  4.16    " 

"  "         hy  Diplodia  zea 6.16    " 

"  "         hy  Rhizopus  nigricans 2.85    " 

«  ^     by  other  molds  0.264  " 

Toward  the  close  of  the  experiment  some  of  the  com  was 
ground  and  analysis  made  by  the  plate  method.  This  gave 
about  fifty  million  bacteria  per  gram  of  the  dry  substance, 
thirty-three  million  of  which  were  of  the  species  producing  the 
poison. 

Analysis  of  this  same  sample  by  plating  upon  Pasteur  agar 
and  corn-extract  agar  gave  the  following  results :  * 

Total  number  mold  spores  per  gram  of  com 21,000,000 

Number  of  Aspergillus  fiavus  spores  per  gram 6,000,000 

"        of  Aspergillus  niger  spores  per  gram 2,000,000 

**        of  Fusarium  Sp.  spores  per  gram 12,000,000 

"        of  PeniciUium  glaucum  spores  per  gram 400,000 

"        of  Rhizopus  nigricans  spores  per  gram 600,000 

That  only  a  small  portion  of  the  spores  present  were  capable 
of  germinating  may  be  seen  from  the  fact  that,  by  the  use  of 
appropriate  stains  and  special  counting  apparatus,  the  material 
could  be  shown  to  contain  292  million  mold  spores  per  gram. 
A  gram  of  the  ground  com  is  about  the  quantity  of  meal  that 
will  lie  on  the  point  of  a  large  pocket  knife. 
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Extracting  the  Poison, 

After  a  series  of  preliminary  experiments,  in  which  alcohol, 
ether  and  water  were  employed,  the  following  method  was 
shown  to  give  the  best  results:  One  hundred  grams  (Vi  lb.) 
of  the  finely  ground  corn  is  mixed  with  1000  cc.  (1  qt.)  of 
water  and  heated,  with  constant  stirring,  at  70  degrees  centi- 
grade (158°  F.),  for  four  hours,  allowed  to  stand  untU  it  has 
settled  and  the  somewhat  cloudy  liquid  is  siphoned  off  and  con- 
centrated at  70  degrees  centigrade  until  it  is  evaporated  to 
30  cc.  When  this  concentrated  extract  in  quantities  of  30  to 
60  cc.  is  introduced  into  a  rabbit's  stomach,  the  animal  dies  in 
from  one  and  one-half  hours  to  two  days.  Similar  tests  of 
sound  mature  corn  have  given  negative  results.  Unfinished 
experiments  with  pure  molds  and  with  immature  com  have 
shown  that  the  extracts  of  both  are  capable  of  producing  death 
in  a  rabbit  when  introduced  into  its  stomach. 

RestUts  of  Feeding  the  Com. 
On  November  8,  horses  Nos.  1,  2,  3,  5,  6  and  7  were  placed 
upon  a  diet  of  this  com.    From  November  9  to  14,  Nos.  2  and 

3  received  about  one  kilogram  of  ear  com  (approximately 
2V^  lbs.)  twice  daily.  All  of  the  horses  ate  well  and  seemed  in 
every  way  normal. 

On  November  14  a  gradual  increase  was  made  and  continued 
until  Nos.  6  and  7  were  receiving  1800  grams  (approximately 

4  lbs.)  twice  daily,  and  Nos.  1,  2,  3  and  5,  2200  grams  (ap- 
proximately 5  lbs.) .  About  the  1st  of  December  No.  7  lost  its 
appetite,  and  December  12  was  taken  off  the  experiment. 
November  27  No.  4  was  placed  upon  the  same  com  and  the 
amount  gradually  increased  to  2200  grams  (approximately  5 
lbs.)  twice  daily.  On  December  17,  horse  No.  6  was  found 
dead  at  noon,  having  died  apparently  without  a  struggle.  Post- 
mortem showed  congestion  of  the  gastro-intestinal  tract,  but 
it  was  impossible  to  ascertain  the  cause  of  death.  On  the 
21st  of  December,  horse  No.  1  developed  a  typical  case  of  stag- 
gers. Horse  No.  2  developed  staggers  on  December  22,  horse 
No.  3  on  December  27,  and  horse  No.  4,  which  was  placed  in 
the  feeding  experiment  November  27,  succumbed  on  January 
14  with  staggers.  On  January  13  horse  No.  5  was  used  for 
another  purpose  because  the  supply  of  com  was  exhausted. 

Arranging  these  results  in  tabular  form,  we  see  that  four- 
sevenths,  or  57  per  cent,  of  the  number  of  horses  started  upon 
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the  experiment  died  of  stingers  after  eating  the  com  forty 
to  fifty  days,  and  that  four-fifths,  or  80  per  cent,  of  those  which 
ate  the  corn  for  'forty  days  or  longer  died.  Most  of  the  horses 
used  in  these  experiments  were  aged  animals. 


No. 

Date 

feeding 

eommcnoed. 

Datedi*. 
oontincMd. 

"^ 

RemarlcB. 

1 
2 
8 

4 
6 

6 

7 

11-  »-'09 
U-  9-W 
11-  9-'09 
ll-27-'09 
11-  9-'» 

11-  »-'09 

11-  »-'0» 

12-21-'09 
12-22-'09 
12-27-'09 
I-M-'IO 
1-18-10 

12-  7-W 

12-lt-'09 

41 
48 

60 
48 
07 

80 

86 

<«                  «• 

Appetite  iMd  been  fairly  ffood.  bat  not  equal  to  that  of  tka 

Found  dcMl;  cauad  of  death  not  evident  on  poet-mortem 
examination. 

doe  to  bad  teeth. 

RECORD  OF  CASES. 

The  symptoms  and  post-mortem  findings  of  these  horses  are 
given  below : 

Case  No.  1. — On  December  21,  at  9  o'clock  A.  M.,  some  difli- 
culty  was  experienced  in  leading  the  horse  to  water,  and  the 
animal  seemed  quite  nervous.  At  9 :30  A.  M.  the  horse  was 
trembling  all  over,  could  not  be  led  or  forced  to  move  for  some 
time,  and  when  finally  induced  to  move  walked  stiff-legged» 
going  sidewise  with  a  very  unsteady  gait,  walking  in  a  semi- 
circle to  the  right,  from  the  south  to  the  north  end  of  the  bam. 
After  a  great  deal  of  trouble  the  horse  was  finally  placed  in  a 
box  stall,  where  he  leaned  up  against  the  side  and  kept  bump- 
ing his  head.  At  about  10  A.  M.  he  went  around  the  stall  lean- 
ing against  the  wall  all  the  way.  He  then  began  to  show  signs 
of  great  nervousness,  exhibited  violent  sjrmptoms  for  a  few 
minutes  and  then  floundered  down.  When  down  he  was  very 
violent,  striking  with  his  feet  and  throwing  his  head.  He 
drew  his  head  around  and  bit  at  his  side  for  several  minutes, 
and  then  made  several  unsuccessful  attempts  to  rise,  gnawed 
the  ground  a  while,  and  then  became  quiet.  Temperature  at 
10:15  A.M.,  100.6  degrees.  At  11  A.M.  he  was  resting  his 
nose  on  the  ground,  partly  closing  his  nostrils ;  otherwise  about 
the  same  as  at  10:15  A.  M.  At  noon  he  had  changed  his  posi- 
tion in  the  stall  by  attempting  to  rise.  He  lay  flat  on  his  side 
part  of  the  time  and  attempted  to  rise,  but  could  not  do  so. 
Pulse  78,  regular;  temperature,  100.5.  At  12:30  P.M.  and 
at  1  p.  M.  was  Ijring  flat  and  quiet,  but  struggled  when  touched. 
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At  1 :30  P.  M.  he  had  passed  into  a  sleepy  (comatose)  condition, 
the  only  response  to  prodding  being  twitching  and  jerking  of 
the  muscles  (exaggerated  reflexes).  This  condition  continued 
until  death  took  place,  at  about  6 :30  p.  M.  During  the  last  few 
hours  he  breathed  with  violent  flank  convulsions  and  showed 
a  marked  jugular  pulse.  Post-mortem  examination  was  held 
two  hours  after  death. 

Peritoneum:     Slightly  confi:ested. 

Small  intestine,  lymph  glands  and  mesentery:  Ecchymoses  just  under 
the  peritoneum;  mesentery  slightly  congested;  lymph  glands  normal. 

Large  intestine  and  lymph  glands:  Ecchymoses  on  wall;  contents 
normal. 

Spleen:    Slightly  congested;  hematoma  on  surface  at  central  part. 

Kidneys:     Slightly  congested. 

Liver:   Slightly  congested. 

Pleura:  Small  amount  of  organic  exudate. 

Lungs:    Showed  petechias  upon  surface. 

Brain  and  meninges:    Slightly  congested. 

Spinal  cord  and  meninges:     Slightly  congested. 

Other  organs  or  parts:     Normal. 

R48um4  of  morbid  changes:     Indications  of  toxaemia. 

Cultures  were  made  from  the  blood  and  viscera  as  follows: 

Material  Medium.  Results. 

8  cc.  of  blood  from  jug- 
ular vein  a  few  min- 
utes before  death . . .    Nutrient  bouiUon No  bacteria  developed. 

8  cc  of  heart  blood  3^ 

hours  after  death . . .    Nutrient  bouillon  .....    No  bacteria  developed. 

Portions  of  the  various  organs,  about  .5  cm.  in  diameter, 
were  placed  upon  the  surface  of  sterile  agar  in  large  test 
tubes,  as  follows: 

Organ,  Results, 

Spleen No  molds. 

Liver No  molds. 

Brain    Aspergillus  niger. 

Brain    No  molds. 

Case  No.  2. — The  first  noteworthy  sym,ptoms  were  observed 
December  22,  1909,  although  two  days  previous  the  animal  ate 
and  drank  very  poorly,  and  on  the  21st  did  not  drink  at  aH 
At  1 :30  P.  M.  the  animal  was  found  leaning  against  the  side 
of  the  stall  and  showing  marked  paralysis  of  the  muscles  of 
the  nose  and  neck.  When  disturbed  he  would  turn  in  a  circle 
to  the  left.  Breathing  was  about  normal,  and  the  animal  re- 
sponded when  spoken  to  sharply.  The  temperature  was  100.5. 
The  symptoms  remained  the  same,  refusing  food  and  water  on 
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account  of  the  paralyzed  condition  of  the  muscles  of  the  mouth 
and  throat,  until  December  25,  when  he  was  able  to  eat  and 
drink  a  little;  but  again  on  the  next  day  he  was  unable  to  eat 
or  drink.  Respiration  still  remained  normal.  Temperature 
100.5.  These  symptoms  continued  until  December  31,  the 
animal  having  stood  for  hours  at  a  time  leaning  against  the 
side  of  the  stall,  or  pressing  its  head  and  nose  against  the  side 
of  the  bam.  Death  occurred  without  additional  noteworthy 
sjrmptoms. 

Post-mortem  was  held  a  few  hours  after  death  and  showed 
conditions  exactly  similar  to  those  described  in  the  cases  of 
No.  1  and  No.  3.  Cultures  were  made  in  bouillon  and  pieces 
of  the  various  organs  were  removed,  with  all  the  usual  pre- 
cautions, and  placed  on  the  surface  of  nutrient  agar  in  large 
tubes,  with  results  as  follows : 

Source  of  material.  Medium.  Results. 

5  cc.  blood  from  heart,   2    tubes    of    nutrient 

bouillon No   bacteria    after 

twelve  days  anerobic 
incubation. 

Portion  of  spleen 2  tubes  of  nutrient  agar,  No  mold. 

Portion     of    lymph 

glands 2  tubes  of  nutrient  agar,   One     tube     developed 

Aspergillus   flavus. 

Portion  of  brain 8  tubes  of  nutrient  agar.   One     tube     developed 

small  Mucor. 

Portion  of  lung 2  tubes  of  nutrient  agar,   One     tube     showed     a 

Mucor,  the  other  As- 
pergilhis  flavus  and 
an  unknown  white 
mold. 

Portion  of  liver 2  tubes  of  nutrient  agar,   No  mold  present. 

Case  No.  S. — On  the  evening  of  December  25  it  was  noticed 
that  he  did  not  eat  all  of  his  feed.  On  the  next  day,  at  8  A.  M., 
he  became  violent  and  would  pay  no  attention  to  his  feed.  An 
attempt  was  made  to  remove  him  to  the  hospital  but  great 
difficulty  was  experienced  in  doing  so.  He  would  not  lead, 
and  was  finally  backed  out  of  the  bam,  when  he  fell  to  the 
ground,  and  after  numerous  unsuccessful  attempts  to  rise 
finally  regained  his  feet.  When  an  attempt  was  made  to  lead 
him  he  fell  to  the  ground  again  and  experienced  a  similar 
difficulty  in  regaining  his  feet.  He  was  then  backed  to  the 
hospital,  a  distance  of  perhaps  ten  rods,  and  placed  in  a  box 
stall.  He  now  showed  great  nervous  excitement  and  con- 
stantly leaned  against  the  side  of  the  stall.    Temperature  100.7. 
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At  noon,  spells  of  restlessness  alternated  with  periods  of  quiet, 
in  which  he  would  lean  against  the  wall  of  the  stall.  This 
condition  lasted  throughout  the  afternoon.  Toward  evening 
he  began  stumbling  blindly  about  the  stall,  butting  with  great 
force  into  everything  that  came  in  his  way.  He  finally  was 
allowed  to  get  out,  when  he  would  walk  rapidly  and  unsteadily 
in  a  large  circle  to  the  left,  running  into  a  fence  several  times, 
and  finally  falling  down.  He  remained  in  a  passive  condition 
for  about  ten  minutes,  after  which  he  rose  to  his  feet.  At  this 
time  there  was  only  one  attendant  with  him,  and  two  hours 
were  spent  in  an  attempt  to  get  the  animal  to  the  hospital  again, 
during  which  he  had  spells  of  restlessness  in  which  he  walked 
in  circles,  and  spells  of  rest  in  which  he  leaned  against  the 
fence.  The  active  periods  lasted  for  about  ten  minutes  and 
the  periods  of  rest  for  about  two  to  three  minutes  each.  At 
11 :30  P.  M.,  after  a  number  of  unsuccessful  attempts  to  lead 
him,  owing  to  his  tendency  to  turn  to  the  left,  he  was  backed 
into  the  hospital.  During  the  remainder  of  the  night  he  showed 
the  alternate  periods  of  rest  and  excitement.  At  6  A.  M.  he 
went  down,  unable  to  rise  again.  During  the  latter  part  of  the 
night  he  showed  paralysis  of  the  muscles  on  the  left  side  of  the 
tail.  When  he  was  down  he  was  very  violent,  struggling  con- 
siderably.   At  8 :30  A.  M.  his  temperature  was  103. 

Death  occurred  that  afternoon  at  4:15,  after  about  thirty 
hours  of  illness;  violent  struggling,  groaning  and  gritting  of 
teeth  continuing  to  the  end.  Post-mortem  was  held  in  a  few 
hours,  with  the  following  findings : 

Subcutis:     Some  bruises. 

Small  intestine:    Slight  congestion;  ecchsrmoses,  size  of  a  pea,  on  wall. 

Mesentery:     Yellowish  red. 

Large  intestine,  with  contents  and  lymph  glands:  Contents  normal; 
a  few  ecchymoses  as  on  small  intestine. 

Kidneys:     Slightly  congested. 

Mouth  cavity  wounded. 

Pleura:  Congested;  fluid  contents  of  the  pleural  cavity  slightly  in- 
creased. 

Lungs:     Some  congestion. 

Pericardium:     Slightly  congested. 

Heart  blood  vessels  and  contents:  Normal,  except  ten  to  twelve  pali- 
sade worms  in  the  mesenteric  artery. 

Brain  and  meninges:    Congested. 

Spinal  cord  and  meninges:     Normal. 

Risum^  of  morbid  changes:     Indications  of  toxemia. 
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Portions  of  the  tissue  were  placed  in  test  tubes  on  sterile 
4igar  with  the  following  results : 
Organ.  Result. 

Lung   A.  flavua  and  a  Mucor. 

Lung   Four  separate  colonies  of  AspergiUus, 

also  ( n  undetermined  white  fungus. 

Spleen   No  mold. 

Spleen   No  mold. 

Spleen   No  mold. 

Liver  No  mold. 

Liver  No  mold. 

Nodule  on  intestine,  No  mold. 
Nodule  on  intestine.  No  mold. 
Left  cer^rum  ....  No  mold. 
Left  cer^rum  ....  No  mold. 
Left  cer^rum  ....  No  mold. 
Left  cer^mm  ....  No  mold. 
Left  cer^rum  ....   No  mold. 

Cerebellum No  mold. 

Cerebellum  .......   No  mold. 

Kidn^ No  mold. 

Except  in  the  case  of  the  specimens  from  the  lung  and  sple^i,  an  in- 
*8tniment  was  employed  which  was  made  by  grinding  a  glass  tube  about 
-one  centimeter  on  the  emery  wheel  to  resemble  a  cork  borer.  A  piston 
was  made  by  wrapping  a  wooden  rod  with  cotton.  The  entire  instrument 
was  wrapped  in  paper  and  sterilized  by  steam  at  fifteen  pounds  pressure 
l¥ith  these  tubes,  cylinders  of  tissue  were  readily  taken  from  the  brain  and 
l>laced  in  sterile  test  tubes.  In  the  oth^r  organs  the  following  method 
"was  employed: 

After  searing  an  area  about  six  inches  in  diameter,  the  tube  is  held 
at  right  angles  to  the  organ  and  by  means  of  a  rotary  motion  is  pushed 
•deeply  into  the  tissue.  The  tube  is  then  inclined  until  it  is  almost  parallel 
to  the  surface  of  the  organ  and  pushed  in  for  two  or  three  inches.  By 
-still  further  inclining  the  tube  and  pushing,  the  cutting  edge  wiU  pen- 
etrate the  sterile  surface  of  the  organ,  two  or  three  inches  from  the 
point  of  entrance.  Still  holding  the  tube  parallel  to  the  surface  and 
pulling  upwards  the  tissue  between  the  two  points  is  torn  and  the  tube 
freed.  The  cylinder  of  tissue  contained  within  the  glass  tube  is  pushed 
out  directly  into  a  sterile  tube  with  the  piston. 

Cultures  on  bouillon  were  made  from  the  heart  blood  and 
viscera  as  follows : 

Material.  Medium.  Results. 

4  cc.  blood  from  jugular 

just  before  death . . .    Nutrient  bouillon <   No  bacteria. 

Heart  blood,  5  cc.  taken 

3  hours  after  death.  Nutrient  bouillon No  bacteria. 

Fluid  from  ventricle  of 

brain  Na  medium  added Remained     clear     and 

showed  no  organ- 
isms upon  micro- 
scopic examination. 
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Ca^e  No.  4. — ^Was  fed  from  November  27  to  January  14^ 
when  at  about  10  A.  M.  it  was  noticed  that  the  animal  was  suf- 
fering from  severe  nervous  excitement.  According  to  the  re- 
port of  the  hospital  attendant,  when  he  attempted  to  lead  her 
from  the  stall  she  became  very  violent  and  lunged  about,  strik- 
ing the  sides  of  the  stall  with  great  force  and  experiencing 
much  difficulty  in  getting  through  the  door.  When  outside  of 
the  bam,  the  ground  being  very  icy,  she  slipped  and  fell  and 
lay  struggling  violently.  After  several  unsuccessful  attempts 
to  help  the  animal  to  her  feet,  owing  to  the  extremely  icy  con- 
dition of  the  ground,  she  was  placed  on  a  sled  and  taken  to  the 
hospital.  About  two  hours  was  consumed  in  this,  during  which 
she  struggled  constantly  and  frequently  struck  her  head  against 
the  ice  with  great  force.  When  she  reached  the  hospital  she 
was  unconscious  and  died  almost  immediately.  The  post- 
mortem appearances  did  not  differ  from  those  already  de- 
scribed. 

In  the  culture  tests  special  emphasis  was  placed  on  the 
search  for  a  bacterium,  and  a  number  of  anaerobic  cultures  were 
made. 

Source  of  material.  Medium,  Results. 

5  cc.  heart  blood Nutrient   bouillon No  bacteria. 

5  cc.  heart  blood Nutrient   bouillon No  bacteria. 

5  cc.  heart  blood Nutrieit   bouillon No  bacteria. 

5  cc.  heart  blood Nutrient  bouillon No  bacteria. 

(The  above  tubes  were  incubated  in  an  atmosphere  of  hydro- 
gen over  alkaline  pyrogallic  acid,  and  after  a  week  were  re- 
moved and  examined  microscopically.) 

5  cc.  heart  blood No  medium  added No  bacteria. 

5  cc.  heart  blood No  medium  added No  bacteria. 

5  cc.  heart  blood No  medium  added No  bacteria. 

5  cc.  heart  blood No  medium  added No  bacteria. 

One  loop  of  brain  sub- 
stance     Nutrient   bouillon No  bacteria. 

One  loop  of  brain  sub- 
stance     Nutrient   bouillon No  bacteria. 

Two  loops  spleen Nutrient   bouillon No  bacteria. 

Two  loops  spleen Nutrient   bouillon No  bacteria. 

(The  above  four  tubes  were  incubated  anarobically.) 

Spleen    Nutrient   bouillon No  bacteria. 

Spleen    Nutrient   bouillon No  bacteria. 

Brain   Nutrient  bouillon No  bactei'ia. 

Bram   Nutri^it   bouillon No  bacteria. 

Liver    Nutrieit   bouillon No  bacteria. 

Ventricular  fluid No  medium  added No  bacteria. 


Digitized  by  VjOOQIC 


Sept.  1910.]  Blind  Staggers.  249 

In  the  above,  as  in  all  other  cases,  plate  cultures  from  the 
blood  before  and  after  death,  and  from  the  liver,  kidneys, 
spleen  and  brain,  on  ordinary  agar  and  on  corn-extract  agar 
failed  to  show  any  bacterium  common  to  all  cases.  The  plates 
usually  remained  entirely  sterile.  In  some  cases,  especially 
those  from  the  liver,  kidneys  and  spleen,  colonies  developed, 
but  they  showed  no  uniformity. 

Interpretatian  of  Results. 

From  a  practical  point  of  view,  the  relation  between  com 
and  staggers  has  been  quite  thoroughly  demonstrated.  The 
question  naturally  arises,  which  of  the  micro-organisms  present 
on  the  com  is  the  specific  cause  of  the  trouble,  or  whether 
a  too  exclusive  com  diet  (-4)  or  the  immature  com  pos- 
sesses the  injurious  properties.  These  questions  must  still 
remain  open,  but  the  indications  are  that  the  cause  of 
the  trouble  is  contained  in  the  moldy  portions,  as  sound 
com  from  the  same  bin  was  fed  to  more  than  a  dozen  horses 
and  mules  for  months  without  producing  any  disorder.  The 
assumption  that  the  sjrmptoms  were  caused  by  a  soluble 
poison,  and  not  by  the  parasitic  growth  of  the  micro-organ- 
isms in  the  tissues  of  the  horse,  is  supported  not  only  by  the 
fact  that  extensive  cultural  tests  fail  to  show  the  presence  of 
any  bacteria  or  molds,  but  also  that  experiments  now  in 
progress  have  demonstrated  the  presence  of  poisons  in  this 
com. 

Dr.  Carlo  Ceni,  of  Italy,  and  his  pupils  report  (5)  that  the 
molds  are  capable  of  producing  poisons,  but  only  at  certain 
seasons  of  the  year,  and  that  in  the  winter  as  well  as  in  the 
middle  of  the  summer  they  are  entirely  inactive. 

Another  fact  of  great  interest  has  been  developed  by  Dr. 
M.  Otto,  of  Germany,  that  while  the  extracts  of  two  species 
of  Aspergillus  fumigatus  obtained  from  Italy  are  very  marked 
poisons,  those  from  the  same  kind  of  molds  growing  in  Ger- 
many possess  little  or  no  poisonous  properties.  The  influence 
of  the  time  of  the  year  and  the  locality  in  which  the  molds 
grew  may  perhaps  explain  why  loss  of  stock  does  not  always 
follow  the  use  of  moldy  feed  and  why  pellagra  has  not  always 
been  found  in  corn-growing  districts. 
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PREVENTION  AND  CURE. 
Veterinarians  accustomed  to  treating  this  trouble  usualljr 
cure  a  small  majority  of  the  cases  treated  if  the  treatment  is^ 
begun  before  the  disease  has  progressed  very  far.  The  most 
successful  line  of  treatment  seems  to  consist  in  the  subcuta- 
neous administration  of  arecoline  or  eserine  and  pilocarpine,, 
followed  by  a  good  antiferment,  and  perhaps  also  an  aloes 
bolus.  It  is  very  evident  that  the  best  means  of  combating' 
this  disorder  consists  in  prevention.  No  unsound  com  should 
be  fed  to  horses.  If  it  is  necessary  to  feed  a  poor  grade  of 
com,  it  should  be  shelled  and  thoroughly  cleaned  with  a  fan- 
ning mill.  Very  good  results  have  been  obtained  by  the  so- 
called  floating  of  com  before  feeding,  which  consists  in  pouring^ 
it  into  water.  The  moldy  grains,  being  lighter,  rise  to  the 
surface  and  may  be  skimmed  off.  Good  results  are  reported 
by  some  who  have  ground  the  well-cleaned  com  and  mixed 
it  with  equal  parts  of  bran  and  oats. 
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Summary. 

1.  Commercial  results  from  seven  widely  separated  orchards, 
including  both  commercial  and  home  types  and  composed  of  the 
varieties  of  apples  recognized  as  standard  in  Kansas,  carefully 
sprayed  show  an  average  gain  of  four  bushels  in  actual  yield  of 
merchantable  fruit  per  tree,  or  37  per  cent  compared  with  un- 
treated parts  of  the  same  orchards. 

2.  Not  only  is  the  actual  and  relative  amount  of  merchantable 
fruit  materially  increased,  but  the  average  percentage  of  number 
l*s  and  number  2*s,  which  are  the  high-priced  grades,  is  also  in- 
creased by  15  per  cent  and  6.6  per  cent,  respectively. 

3.  The  average  net  profit  from  spraying  is  shown  to  be  $1.62  per 
tree,  or  $97.20  per  acre  when  the  fruit  is  sold  as  "orchard  run," 
and  to  be  almost  doubled  if  properly  graded  and  marketed. 

4.  All  seriously  injurious  insects  and  fungous  diseases  have 
been  markedly  reduced  and  most  of  them  have  been  made  almost 
negligible. 

5.  Prepared  lime-sulphur  plus  arsenate  of  lead  has  produced 
the  best  results  on  apples  subject  to  Bordeaux  injury  and  nearly 
free  from  apple  blotch,  while  Bordeaux  mixture  plus  arsenate  of 
lead  gave  best  results  on  varieties  attacked  by  apple  blotch. 
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Spraying  the  Apple  Orchard.' 


Introduction. 

OBJECTS  AND  AIMS. 

Kansas  has  a  large  but  much  neglected  resource  in  her  apple 
orchards.  For  every  year  of  the  past  twenty*  or  more  she  has 
had  over  five  million  trees  in  bearing,  reaching  in  1899  more  than 
seven  and  one-half  millions.  In  the  ** bumper"  apple  year  of  1906 
the  State-wide  yield  was  only  6,378,008  bushels,  or  a  little  less 
than  one  bushel  per  bearing  tree.  The  figures  of  State  apple 
yield,  which  are  available  only  since  1904,  show  a  complete  failure 
in  1907,  and  an  average  yield  for  five  years  of  three  and  one-half 
million  bushels,  or  a  little  more  than  one-half  bushel  per  tree  in 
bearing  during  the  same  period. 

Many  factors  have  contributed  to  bring  about  neglect  of  our 
apple  orchards.  Late  frosts  have  year  after  year  prevented  the 
setting  of  much  of  the  fruit,  and  the  "worms*"  and  fungi  have 
rendered  much  of  that  which  did  set  unfit  for  use. 

It  is  for  the  purpose  of  showing  the  farmer  and  fruit  grower 
how  he  may  save  that  part  of  the  crop  which  is  usually  sacrificed 
to  insects  and  fungi  that  the  Agricultural  College  has  gone  into 
the  field  and  carried  out  this  spraying.  The  results  of  the  spray- 
ing have  been  uniformly  good,  the  owners  of  the  sprayed  orchards 
are  well  pleased,  and  many  of  their  neighbors  are  planning  to  use 
the  spray  pump  next  year.  It  is  hoped  that  the  orchard  spraying 
of  the  past  season  is  the  beginning  of  a  movement  which  may  not 
end  until  the  orchard  resources  of  Kansas  are  properly  developed 
and  used. 

ORGANIZATION   BY   MEANS  OF  WHICH   THE   WORK   WAS  DONE. 

The  eleven  orchards  selected  for  spraying  were  treated  accord- 
ing to  a  definite  schedule  formulated  by  Mr.  A.  L.  Quaintance, 
representing  the  Bureau  of  Entomology,  and  Mr.  W.  M.  Scott, 
representing  the  Bureau  of  Plant  Industry,  of  the  United  States 
Department  of  Agriculture,  and  Professors  Dickens  and  Headlee 

*This  bulletin  was  plaDoed  by  the  authors,  written  by  T.  J.  Headlee.  and  corrected  and 
criticised  by  Albert  Dickens.    All  illustrations,  unless  otherwise  indicated,  are  original. 

'The  authors  are  Indebted  to  Hon.  Walter  Wellhouse.  secretary  of  the  Kansas  State 
Horticultural  Society,  for  data  on  number  of  bearing  trees  for  the  past  twenty  years  and  the 
apple  yield  since  1904. 
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and  Mr.  Holsinger,  representing  the  Agricultural  College.  In  aU 
cases  the  work  was  done  in  cooperation  with  orchard  owners — the 
owners  hoping  to  get  an  increased  crop  and  to  learn  how  better  to 
care  for  their  orchards,  while  the  Agricultural  College  and  the 
government  hoped  to  encourage  the  utilization  of  apple  orchards 
in  the  production  of  better  and  more  apples,  the  College  hoping 
also  to  accumulate  data  to  serve  as  a  basis  for  a  Statewide  cam- 
paign for  the  proper  utilization  of  our  orchard  resources. 

The  work  reported  in  this  bulletin  was  begun  by  the  Agricul- 
tural College  purely  as  a  demonstration,  under  the  direction  of 
and  on  the  funds  furnished  by  the  Farmers'  Institute  and  Exten- 
sion Department,  but  it  quickly  became  apparent  that  the  situa- 
tion was  so  unusually  favorable  for  making  a  systematic  test  of 
spraying  methods  that  the  intended  demonstration  took  on  an  ex- 
perimental cast.  By  this  new  arrangement  the  Farmers'  Insti- 
tute and  Extension  Department  furnished  most  of  the  funds  and 
the  services  of  Mr.  Holsinger,  while  the  Experiment  Station  fur- 
nished the  balance  of  the  funds  and  the  services  of  Professors 
Dickens  and  Headlee,  who  were  made  responsible  for  the  outcome 
of  the  test. 

The  orchard  belonging  to  Mr.  W.  E.  BoshcenS  of  Troy,  Kansas, 
was  handled  by  Mr.  Holsinger  alone.  Six  orchards,  belonging  to 
the  State  Insane  Asylum,  Mr.  Godding,  Mr.  R.  W.  Coleman,  Hon.  F. 
H.  Stannard,  Mr.  W.  E.  Barns,  and  Mr.  John  Coughlin,  were  han- 
dled by  Messrs.  Quaintance  and  Scott  and  their  assistants,  Mr.  J. 
L.  Stahl  and  Mr.  Chas.  H.  Gable.  The  five  remaining  orchards,  be- 
longing to  Snyder  &  Roediger,  Mr.  J.  B.  Fergus,  Mr.  J.  T.  Tredway , 
Mr.  Isham  Buckmaster,  and  Mrs.  Woodworth,  were  treated  by 
Professors  Dickens  and  Headlee  and  Mr.  Holsinger,  Professor 
Headlee  giving  special  attention  to  the  Snyder  &  Roediger  or- 
chard, where  headquarters  was  established.  Mr.  Rees  HiUis  was 
placed  in  immediate  charge  of  the  operations  at  the  Snyder  & 
Roediger  plant,  and  was  expected  to  help  out  at  the  other  points. 
For  a  short  time,  Mr.  Ralph  Caldwell  served  as  a  coworker  with 
Mr.  Hillis,  and  during  the  balance  of  the  season  various  graduate 
students  of  the  Department  of  Horticulture^  among  whom  may  be 
mentioned  Mr.  Eugene  Blair,  Mr.  Van  Smith,  Mr.  J.  R.  Cooper, 
and  Mr.  D.  E.  Lewis,  served  in  that  capacity. 

Late  frost  destroyed  the  fruit  in  the  orchards  of  the  State 
Asylum,  Mr.  Godding,  Hon.  F.  H.  Stannard  and  Mrs.  Woodworth 
to  such  an  extent  that  the  treatment  in  these  places  had  to  be 

'The  data  from  this  orchard  are  not  available  and  are  not,  therefore,  included  in  this 
account. 
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abandoned.  Although  injury  was  suffered  in  the  other  places, 
enough  fruit  set  to  render  the  continuance  of  the  work  worth 
while.  In  all,  eight  orchards  were  treated  throughout  the  season 
and  satisfactory  results  secured. 

It  was  the  understanding  reached  during  the  conference  that 
the  results  obtained  by  each  coOperator  should  be  furnished 
to  the  other  coOperators,  and  that  the  publication  should  be  joint 
or  separate  as  seemed  best,  providing,  in  case  of  separate  publi- 
cation, proper  credit  should  be  given. 


Fig.  I.— Between  rows  in  the  Jonathan  block.    Snj'dc  r  &  Roediirer orchard. 

Results. 

RETURNS  DURING  THE  PAST  SEASON. 

Five  of  these  orchards  might  be  classified  as  commercial,  be- 
cause they  possessed  enough  of  single  varieties  to  form  blocks  of 
considerable  size,  while  two  were  distinctly  of  the  home  type,  be- 
ing composed  of  a  few  trees  of  each  of  many  varieties.  In  the 
home  orchard  of  Mr.  J.  B.  Fergus  there  were,  according  to  the 
owner,  thirty-three  varieties.  The  general  plan  was  so  to  select 
the  demonstration  blocks  that  three  comparable  plats  could  be 
secured,  and  to  treat  one  with  Bordeaux  plus  arsenate  of  lead, 
another  with  lime-sulphur  plus  arsenate  of  lead,  and  to  leave  the 
third  untreated  as  a  check.  Of  course  local  conditions  compelled 
considerable  deviation  from  the  original  plan. 
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With  the  exception  of  the  first  spraying  with  lime-sulphur, 
which  was  omitted,  the  Coughlin  and  Barnes  orchards  received 
the  regular  treatment.  With  the  exception  of  the  first  application 
of  both  Bordeaux  and  lime-sulphur,  the  Coleman,  Fergus,  Tred- 
way  and  Buckmaster  orchards  and  the  Jonathan  block  in  the 
Snyder  &  Roediger  orchard  were  treated  according  to  schedule. 
The  Ingram  block  in  the  Snyder  &  Roediger  orchard  received 
the  four  scheduled  applications. 

For  determining  the  effect  of  spray,  as  shown  in  the  increased 
yield  of  marketable  fruit,  as  many  trees  as  the  size  of  our  force 
would  permit  were  selected  in  each  different  treatment  in  each 
orchard,  the  apples  picked,  and  commercial  results  determined. 
The  marketable  fruit  picked  in  the  Snyder  &  Roediger,  the  Fer- 
gus, the  Tredway,  and  the  Buckmaster  orchards  was  graded  in 
l*s,  2's,  and  salable  culls.  For  obtaining  a  reliable  estimate  of  the 
effect  of  spraying  upon  the  injurious  insects  and  diseases,  six 
trees  in  each  treatment  in  each  orchard  were  selected  and  a  care- 
ful record  kept  of  all  the  apples  which  set.  In  all  cases  the  trees 
selected  were  as  nearly  typical  as  possible,  and  the  results  ob- 
tained are  a  close  approximation  of  what  occurred  in  the  orchards 
generally. 

Summary  of  Commercial  Results,  Orchard  of  John  Cousrhlin.  ArKentlne.  Kansas.  1910. 


Yield  of  15  trees,  5  per  plat.    Variety.  Gano. 


Pl^t. 

No  bushels 
merchant- 
able fruit. 

Per  cent 
merchant- 
able. 

No^^b^^^eis     p„^,„ 

Bordeaux...         

7  85 

54.32 

60.36 

7  14 

6  60                   45  6S 

Lime-sulphur 

Check 

8.30 
0.60 

5.45                   39.(M 
7.80                   92-86 

Yield  of  15  trees.  5  per  plat.    Variety.  Shackleford. 


Bordeaux...  . 
Lime-sulphur. 
Check 


22.14 

15.76 

1  50 


74.27 
74.03 
42.63 


7.67 
5.53 
2.14 


25.73 
25.97 
57.37 


Summary  of  Commercial  Results.  Orchard  of  W.  E.  Barnes.  VInland.  Kansas.  1910. 


Yield  of  30  trees.  10  per  plat.    Variety.  Missouri  Pippin. 


Bordeaux 

Lime-sulphur  .... 

:10.50 
29.25 
5.15 

86.65 
85.15 
49.78 

4  70     , 

5.10 

5.20 

13  35 

14  85 

Check 

50.24 

Summary  of  Commercial  Results.  Orchard  of  R  W.  Coleman.  Olathe.  Kansas.  1910. 


Yield  of  15  trees,  5  per  plat.    Variety,  Jonathan. 

Bordeaux 2.24    i  28.21 

Lime-sulphur I  ^\^-[    j  65^97     I 

Cbeck 0.64     I  12.57 


5.70 
5.80 
4.45 


71.79 
44.0S 
87.43 
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Summary  of  Commercial  Results.  Orchard  of  Snyder  &  Roedlirer.  Parker.  Kaosas.  1910. 


Yield  of  30  trees.  10  per  plat.     Variety.  Jonathan. 

Bordeaux 

71.80 
78.70 
.'TT.SO 

M.80 
92.40 
89.00 

5.60 
6.40 
4.60 

7.20 

Tjime-sulphur ,...,,,..,  ^ ,.,. , 

7.60 

Check  

11.00 

Summary  of  Commercial  Results.  Orchard  of  Snyder  &  Roedisrer.  Parker.  Kansas.  1910. 


Yield  of  20  trees. 

10  per  plat.    Variety.  Ingram. 

Plat. 

No.  bushels 
merchant- 
able fruit. 

Per  cent 
merchant- 
able. 

No.  bushels 
of  cull 
fruit. 

Per  cent 

culls. 

Bordeaux 

46.40 
25.60 

91.80 
60.60 

3.90 
3  99 

8.20 

Check 

89.40 

Yield  of  9  trees.  3  per  plat.    Variety.  Missouri  Pippin. 


Lime-sulphur . 

Bordeaux 

Check 


25.44 

27.48 
15.66 


72.80 
83.50 
65.00 


9.48 
5.43 

8.40 


27.20 

16.50 
35.00 


Summary  of  Commercial  Results.  Orchard  of  Isham  Buckmaster.  Ft.  Scott.  Kansas.  1910. 


Yield  of  12  trees,  4  per  plat.    Varieties:  Ben  Davis.  Winesaps. 


Bordeaux 

Lime-sulphur . 
Check 


33.80 
34.20 
15  84 


96.80 
96.30 
81.90 


1.08 
1.36 
3  48 


3.20 
3.70 
18.10 


Yield  of  6  trees.  2  per  plat.     Variety.  Missouri  Pippin. 


Bordeaux 

Lime-sulphur . 
Check' 


9.00 
3.48 


73.60 
77.67 


3.24 

1.00 


26.40 
22.33 


'Dropped  off  on  account  of  blotch. 

Summary  of  Commercial  Results.  Orchard  of  J.  B.  Fergus.  Mildred.  Kansas.  1910. 


Yield  of  18  trees.  6  per  plat.    Varieties  treated:  Ben  Davis.  York  Imperial.  Dominie.  Maiden 
Blush.    Varieties  check:  Ben  Davis,  Jonathan.  Missouri  Pippin. 


Bordeaux 

Lime-sulphur.. 
Check 


74.60 

90.00 

.35 


95.90 
87. .30 
5.00 


3.50 
12.00 
6.80 


4.10 
12.70 
95  00 


Summary  of  Commercial  Results.  Orchard  of  J.  T.  Tredway.  La  Harpe.  Kansas.  1910. 


Yield  of  12  trees.  6  per  plat.  Varieties  treated:  Ben  Davis.  York  Imperial.  Winesaps.  Mis- 
souri Pippin.  Varieties  check:  Winesap.  Ralls  Genet.  Missouri  Pippin.  Red  Winter 
Sweet. 


Bordeaux . 
Check 


44.34 

16.98 


88  20 
65  HO 


5  91 

H  82 


11.80 
34  20 


—2 
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In  order  that  the  reader  may  more  easily  and  quickly  ?rasp  the 
meaning  of  these  tables,  the  following  summary  has  been  pre- 
pared: 

Summary  of  ffftins  in  ooxmuercial  fruit  yield  tbrougb  careful  sprayinflr. 


Vabiktt. 

Increase  in  actual 

yield  in  bushels 

per  tree. 

Increase  to  pci^ 

centaijre  of 

merchantable  fruit. 

Bordeaux 

Lime- 
sulphur 

Bordeaux 

lime- 
sulpbur 

Gano 

1.45 

1.54 

47.2 

53.2 

Shaoklef  ord 

4.11 

2.83 

31.6 

31.4 

Jonatban 

.32 

1.36 

15.6 

43.4 

Jonathan 

3.40 

4.14 

8.8 

3.4 

Intrram 

2.08 

31.2 

Missouri  Pippin 

2  64 

2.41 

36.9 

35.4 

Missouri  Pippin 

3.94 

3.26 

18.5 

7.8 

Missouri  Pippin 

4.50 

1.74 

73.6 

77.7 

Mixed— Ben  Davis.  Wlnesap 

4.49 

4.59 
14.94 

14.9 

14.4 

Mixed-Ben  Davis,  York  Imperial,  Dominie.  Maid- 
en Blush.  Jonathan.  Missouri  Pippin 

12.37 

90.9 

83.3 

Mixed- Ben   Davis.   Wlnesap.   Missouri   Pippin. 
York  Imperial.  Ralls  Genet.  Red  Winter  Sweet. . 

4.56 

22.4 

Totals 

43.76 

36.80 
4.09 

386.6 

349.0 

A  veratre 

3.9fi 

35.1 

38.8 

The  preceding  tables  and  summary  show  conclusively  that 
careful  spraying  increases  markedly  both  the  actual  and  the  rela 
tive  amount  of  merchantable  fruit.  The  increase  in  the  actual 
amount  of  merchantable  fruit  ranged  from  .32  to  14.9  bushels  per 
tree,  with  an  average  of  4  bushels.  The  increase  in  relative 
amounts  of  merchantable  fruit  ranged  from  3.4  per  cent  to  94.3 
per  cent,  with  an  average  of  37  per  cent  of  the  total  yield.  This 
would  mean,  granting  that  the  average  net  selling  price  of  "or- 
chard run"  of  the  standard  varieties  is  about  50  cents  per  bushel, 
that  careful  spraying  brought  an  average  gross  profit  of  $2  per 
tree.  The  following  table  shows  that  the  average  cost  of  treat- 
ment per  tree  varied  from  5  to  15  cents,  with  an  average  of  9.5 
cents.  The  cost  is  much  larger  than  would  be  necessary  where 
the  grower  is  prepared  for  spraying — has  good  machinery,  has  it 
in  good  order,  and  has  his  water  close  at  hand.  The  cost  of  labor 
is  the  large  item  in  the  bill  of  spraying,  and  if  the  arrangements 
are  so  nearly  perfect  that  the  men  will  lose  the  smallest  possible 
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amount  of  time,  the  spraying  will  be  done  for  the  lowest  cost. 
Granting?,  however,  that  spraying  costs  an  average  of  9.5  cents 
per  tree  and  that  four  treatments  are  made,  there  would  remain 
a  net  profit  of  $1.62  per  tree.  Counting  sixty  trees  to  the  acre, 
this  would  mean  a  net  return  from  careful  spraying  of  $97.20  per 
acre. 


Pig.  2.  — An  unusually  strong  result.    A.  Yield  of  one  sprayed  tree.    B.  Yield  of  six  un- 
sprayed  trees. 
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Bordeaux. 
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At.  No. 

ffallODB 

used. 

ATeraffe  cost  per  tree. 

No.  OF  Tbbatmsnt. 

For 
material. 

For 
labor. 

TO^. 

1 '. 

3.60 
4.68 
6.67 

18.90 
5.03 

18.03 

lo.otao 

.0858 
.0437 
.1070 
.0190 
.IMO 

10.0660 
.0867 
.0686 
.2148 
.0820 
.2463 

•O.QBSO 

t 

.ino 

8 - 

Total. 

.1078 

.sns 

4 

.0610 

Grand  Total 

.8300 

Lime-sulpbur. 


1 

3.10 
4.06 
6.80 

14.35 
5.03 

10.38 

I0.0SI8 
.0600 
.0640 
.1558 
.0190 
.1748 

$0.0618 
.0780 
.0640 
.1088 
.0820 
.2258 

I0.0BB6 

2 

.1880 

3 

.1280 

Total  . .  ....     . .              , , , ,  ^ , . . 

.8406 

4 

.OilO 

Grand  Total 

.4000 

Fig.  S.^Results  of  sprayinfr  Ingrams.  A  veragre  yield  per  tree  of  sprayed  as  compared  with 
unsprayed .  frraded  into  ones,  twos,  salable  culls,  and  culls.  Note  tbe  great  increase  in  the  one» 
and  twos. 

These  results  come  when  apples  are  sold  as  "orchard  run,"  but 
the  best  returns  from  careful  spraying  of  the  apple  orchard  ap- 
pear only  when  the  apples  are  graded,  for  the  reason  that  the 
benefit  lies  largely  in  the  production  of  larger  amounts  of  the 
high-priced  grades. 

Commercial  results  in  graded  fruit  are  available  only  from  the 
Snyder  &  Roediger,  Fergus,  Tredway,  and  Buckmaster  or- 
chards, and  our  discussion  of  this  phase  of  the  question  must 
therefore  be  based  upon  the  data  gathered  in  those  orchards. 


Digitized  by  Google  J 


Jan.  1911.] 


Spraying  the  Apple  Orchard. 


265 


Peroentaffe  of  I's.  S*s  and  salable  culls  in  merchantable  fruit  obtained  from  sprayed  and 
mosprayed  trees  in  Snyder  &  Roediffer,  Fergus.  Tredway.  and  Buclcmaster  orchards  in  1910. 


1 

1 
1 

No.  of  trees 
taken  into 
considera- 
tion.  

55? 

'-  o 

^3 

I? 
It 

Jonathan 

Snyder  &Roediger. . . 
Snyder  &  Koediger. . . 
Snyder  &  Roediger. . . 
Snyder  &  Roediger. . . 
Snyder  &  Roediger. . . 
Snyder&  Roediger. . . 
Snyder  &  Roediger. . . 
Snyder  &  Roediger. . . 

Bordeaux .... 
Lime-sulphur. 
Untreated... 

Bordeaux 

Untreated . . . 
Lime-sulphur. 

Bordeaux 

Untreated . . . 

Bordeaux 

Lime^ulphur. 
Untreated... 
Bordeaux .... 
Untreated . . . 
Bordeaux .... 
Lime-sulphur. 
Untreated . . . 

08 
IS 
11 
65 
11 

18.7 
45.5 
S4.S 
81.4 
.5 
11.7 
19.S 
14.2 
85.6 
88.2 

62.7 
38.6 
48.7 
48.2 
25.8 
48.1 
88.6 
42.4 
53.2 
58.4 

18.6 

Jonathan 

15.9 

Jonathan 

82.1 

Ingram 

25.4 

Ingram 

74.2 

Bilssouri  Pippin 

Missouri  Pippin 

40.2 
47.2 

Missouri  PipDin 

48.4 

Mixed 

11.2 

Mixed 

8.4 

MiT^^d ■ 

Fergus 

100. 0 

Mixed  

Tredway 

Tredway 

80.1 
24.6 
88.2 
42.5 
14.9 

59.7 
87.7 
S6.0 
51.8 
67.8 

10.1 

Mi*Wl     

37.7 

Mixed 

Buckmaster 

10.6 

MlT«d 

Buckmaster 

5.7 

Mixed 

Buckmaster 

17.3 

Average 

Bordeaux .... 

27.9 
32.9 
15.8 

51.0 
49.6 
48.8 

21.1 

Average 

Lime-sulphur. 
Untreated... 

17.6 

Average 

40.4 

Fig.  4.— Boxing  the  ones. 


This  table  shows  clearly  that  when  the  merchantable  apples  are 
properly  graded  the  average  of  the  sprayed  trees  shows  12.1  to 
17.1  per  cent  more  of  number  I's,  5.8  to  7.2  per  cent  more  of  num- 
ber 2's,  and  19.3  to  22.9  per  cent  less  of  salable  culls.  For  the 
sake  of  illustration,  let  us  take  an  average  lime-sulphur-sprayed 
Jonathan  apple  tree  which  bears  7.87  bushels  of  merchantable 
fruit.    Forty-five  and  five-tenths  per  cent,  or  3.58  bushels,  are  num- 
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ber  I's,  88.6  per  cent,  or  3.04  bushels,  are  number  2's,  and  15.9  per 
cent,  or  1.25  bushels,  are  salable  culls.  Sold  as  "orchard  run,*' 
without  grading,  the  7.87  bushels  would  bring  about  $3.94,  while  if 
sold  as  grades,  might  well  bring  number  I's  $1.50  per  bushel,  num- 
ber 2's  $0.80  per  bushel,  and  salable  culls  $0.20  per  bushel, 
amounting  to  $8.05,  a  difference  of  $4.11.    Or,  let  us  take  100  bush- 


PiG.  5.— BarreliDjf  the  twos. 

els  of  marketable  Jonathans  from  trees  treated  with  lime-sulphur. 
Forty-five  and  five-tenths  bushels  are  number  I's,  38.6  bushels 
are  number  2's,  and  15.9  bushels  are  salable  culls.  If  sold  as 
"orchard  run,"  the  entire  100  bushels  would  bring  $50.  If  sold 
as  grades,  they  would  bring  $1.50  for  I's,  $0.80  for  2's,  and  $0.20 
for  culls,  amounting  to  $102.31.  This  means  an  increase  of 
more  than  50  per  cent  to  pay  for  the  trouble  of  grading. 

The  results  obtained  this  year  can  be  duplicated  or  bettered  by 
any  one  who  will  take  the  necessary  amount  of  trouble  to  familiar- 
ize himseif  thoroughly  with  the  methods  used.  There  is  no  rea- 
son why  the  farmer  should  not  have  plenty  of  apples  of  good 
quality  for  his  family.  There  is  no  reason  in  the  presence  of  in- 
jurious insects  and  fungi  to  prevent  commercial  orchardists  from 
establishing  themselves  in  large  numbers  in  Kansas.  There  is 
much  good  orchard  land  to  be  had  at  comparatively  low  cost. 
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Pig.  6.— The  neiflrhbors  examined  the  results  of  demonstration  sprayincr  at  pioklnfir  time. 


How  These  Results  Were  Obtained. 


Protecting  the  Apple  from  Insect  and  Fnngous  Enemies. 


PRINCIPAL  INSECT  ENEMIES. 

The  codling-moth  and  the  plum  curculio  are  the  only  insects 
that  we  need  to  consider,  because  such  leaf  feeders  as  the  apple- 
leaf  crumpler,  apple  tree  tent  caterpillar,  canker-worms,  and  fall 
web-worm  are  controlled  incidentally  by  the  sprays  intended  for 
the  former.  Close  observations  upon  the  codling-moth  and  cur- 
culio were  limited  to  the  Snyder  &  Roediger  orchard  at  Parker, 
Kansas. 

By  the  time  we  were  ready  to  begin  work,  April  16,  which  was 
almost  four  weeks  after  the  Jonathan  trees  were  in  full  bloom,  the 
earliest  of  the  moths  were  already  on  the  wing.  From  this  date 
until  June  18  frequent  collections  of  larvae  and  pupae  were  made 
from  the  trunks  of  the  trees.  In  all,  ninety -eight  larvae  and  pupae 
were  taken,  and  of  these,  forty  produced  healthy  moths,  the  ma- 
jority of  which  had  emerged  by  June  5.  For  eight  of  the  forty 
the  length  of  pupal  stage  was  determined.  It  ranged  from  four- 
teen to  seventy-four  days,  with  an  average  of  thirty-six  days. 

The  work  of  the  larvae  produced  by  this  first  brood  of  moths 
was  noticed  when  the  first  dropped  apples  were  examined  early 
in  July.  Shortly  before  July  11  these  larvae  began  to  leave  the 
apples  in  considerable  numbers.     The  emergence  of  this  brood 
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of  "worms"  reached  its  height  shortly  after  the  middle  of  July. 
Most  of  these  larvae  promptly  transformed  to  pupae.  Careful  ob- 
servation of  fifty-six  cases  shows  that  the  pupal  stage  occupied  an 
average  of  nine  days.  The  emergence  of  the  second  brood  of 
moths  reached  its  height  about  the  first  of  August.  The  larvae 
produced  by  this  brood  reached  their  height  of  emergence  from 
the  apples  about  the  middle  of  September.  In  the  latter  part  of 
August  our  records  show  a  considerable  increase  in  the  number 


Fig.  7.— Where  the  development  of  the  codling-moth  was  followed. 

of  moths  emerging.     Very  few  of  the  larvae  which  emerged  from 
the  apples  after  the  middle  of  August  transformed  to  pupae. 

Curculio  injury  appeared  in  the  apple  at  the  first  examination 
of  the  dropped  fruit  early  in  July,  and  this  early  drop  was  largely 
wormy  with  curculio  grubs.  Late  in  the  season  some  harm  was 
done  to  the  apple  by  feeding  of  the  second  brood  of  beetles.  It  is 
evident,  however,  that  a  satisfactory  remedy  for  this  insect  must 
be  directed  at  the  first  brood,  and  must  be  applied  during  the 
early  part  of  the  season,  while  the  apples  are  yet  small. 

PRINCIPAL   FUNGtOUS   ENEMIES. 

Apple  scab,  sooty  blotch,  apple  blotch,  black  rot,  and  bitter  rot 
were  serious  enough  to  require  attention.  Apple  scab  appeared  on 
the  unsprayed  Ingrams  and  did  much  harm,  but  was  rarely  noted 
on  the  other  varieties.  Likewise,  the  work  of  sooty  blotch  damaged 
the  Ingrams  mainly.  Apple  blotch  was  mainly  confined  to  Mis- 
souri Pippins,  although  it  appeared  on  the  fruit  of  other  varieties. 
Black  rot  made  its  appearance  on  all  varieties,  but  did  little  harm. 
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Bitter  rot  attacked  a  few  of  the  Jonathan  trees  and  destroyed 
most  of  the  fruit  on  the  infected  trees.  It  struck  only  a  few  trees 
and  they  were  well  separated  from  each  other. 

METHODS  USED. 

The  method  used  for  the  destruction  of  these  insects  and  fungi  is 
the  outcome  of  a  vast  amount  of  experience  accumulated  by  work- 
ers in  this  line  in  all  parts  of  the  United  States.  When  we  take 
into  consideration  the  fact  that  this  treatment  must  destroy  both 
plant  and  animal  parasites,  yet  leave  the  host  or  tree  unharmed, 
it  is  not  difficult  to  understand  that  the  problem  is  sufficiently 
complex  to  render  the  accumulation  of  a  larp:e  number  of  facts 
necessary  before  an  efficient  method  could  be  developed.  The  pro- 
cedure  for  this  purpose  has  three  very  important  phases — the 
nature  of  the  material  which  should  be  used,  the  time  when  it 
should  be  applied,  and  the  manner  of  its  application. 

MATERIAL. 

The  material  is  composed  of  two  active  substances,  one  of  which 
is  intended  to  destroy  the  insects  and  the  other  to  control  fungi. 
The  first  is  arsenic,  put  up  in  the  form  of  arsenate  of  lead.  This 
is  a  stomach  poison  which  must  be  placed  on  the  substances  which 
the  insects  will  later  consume.  This  form  of  arsenic  has  been 
adopted  because  it  has  so  small  an  amount  of  free  arsenious  acid 
that  it  does  not  burn  foliage  or  fruit,  and  because  it  clings  to  the 
foliage  and  fruit  exceedingly  well  and  consequently  resists  the 
washing  of  the  rains. 

The  second  substance  is  copper  sulphate,  sometimes  known  as 
blue  stone,  or  blue  vitriol.  It  is  used  in  combination  with  milk  of 
lime  to  form  Bordeaux  mixture,  the  active  principle  of  which  con- 
sists of  copper  hydroxide.  The  copper  hydroxide  spreads  well 
over  foliage  and  fruit  and  adheres  closely  thereto.  It  resists  the 
washing  of  the  rains  well.  It  is  thought  that  small  amounts  of 
this  copper  are  brought  into  solution  and  thus  in  contact  with  the 
spores  of  fungous  diseases,  destroying  them.  That  property  of 
Bordeaux  mixture  which  causes  it  under  certain  favorable  condi- 
tions seriously  to  injure  susceptible  varieties  has  led  to  the  trial 
of  substitute  substances.  The  most  promising  of  these  is  the  pre- 
pared or  concentrated  lime-sulphur  solutions.  Although  we  know 
little  or  nothing  about  exactly  how  the  lime-sulphur  kills  the 
disease  spores,  the  fact  of  its  ability  to  control  most  of  the  apple 
diseases  has  been  firmly  established. 

These  substances  were  applied  in  two  combinations — two  potinds 
of  lead  arsenate  mixed  thoroughly  with  fifty  gallons  of  3-4-50  Bor- 
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deaux,  and  two  pounds  of  lead  arsenate  and  one  and  one-half  gal- 
lons of  prepared  lime-sulphur  solution,  testing  33^  Baume  thor- 
oughly mixed  with  fifty  gallons  of  water.  The  method  of  mixing 
the  lead  arsenate  was  the  same  in  each  combination.  The  required 
amount  was  weighed  out  in  a  bucket  and  mixed  with  a  little  water 
until  it  would  flow  readily;  it  was  then  poured  into  the  tank  of  Bor- 
deaux or  the  diluted  lime-sulphur  and  thoroughly  stirred  by  set- 
ting the  agitator  in  vigorous  motion.  The  Bordeaux  was  made  up 
in  the  usual  manner.  Stock  solutions  of  copper  sulphate  and  lime 
were  made  in  barrels  each  containing  one  pound  of  the  substance 
to  one  gallon  of  water.  Two  dilution  tanks  made  of  barrels  were 
employed.  In  making  up  fifty  gallons,  three  gallons  of  stock  solu- 
tion of  copper  sulphate  were  placed  in  the  copper  sulphate  dilu- 
tion tank.  Four  gallons  of  the  milk  of  lime  were  placed  in  the  lime 
dilution  tank.  Sufficient  water  was  added  to  each  tank  to  make 
twenty-five  gallons  in  each.  The  plugs  were  then  removed  from 
the  drain  pipes  and  the  dilute  copper  sulphate  and  milk  of  lime 
were  allowed  to  run  together  through  the  burlap  strainer  into  the 
spray  tank.  The  lead  was  then  added.  In  preparing  fifty  gallons 
of  the  lime-sulphur,  about  fifty  gallons  of  water  were  placed  in  the 
spray  tank.  One  and  one-half  gallons  of  the  prepared  lime-sulphur 
mixture  were  measured  out  and  mixed  thoroughly  with  the  water. 
The  lead  arsenate  was  added  as  before. 

It  is  important  to  obtain  for  the  stock  lime  solution  a  type  of 
unslacked  lime  that  will  leave  no  lumps  or  coarse  particles  after 
slacking.  The  Sherwin-Williams'  and  Grasseli  Chemical  Com- 
pany's prepared  lime-sulphur  solutions  were  used,  and  both  were 
satisfactory.  Swift's  Arsenate  of  Lead  and  Grasseli  Chemical 
Company's  product  were  employed  with  equally  satisfactory  re- 
sults. 

TIME. 

The  time  when  the  applications  should  be  made  is  determined 
by  knowledge,  based  upon  the  life  history  of  the  insects  and  fungi 
in  question,  of  when  such  treatments  are  likely  to  be  most  effective. 

From  the  time  the  bud  opens  until  the  apple  approaches  picking 
time  it  is  open  to  the  attack  of  fungous  diseases — first  scab, 
then  blotch,  sooty  blotch  and  fly  speck,  black  rot  and,  later,  bitter 
rot.  For  a  similar  period  the  foliage  and,  to  a  less  extent,  the  fruit 
are  open  to  the  attacks  of  various  foliage-consuming  larvse.  Prom 
a  few  weeks  after  the  apples  set  until  almost  picking  time,  they 
are  constantly  attacked  by  codling-moth  larvaa.  From  setting  of 
the  apples  for  a  period  of  about  one  and  one-half  months  they  are 
subject  to  curculio  '*stinging,"  and  late  in  the  season  they  are  fed 
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upon  by  the  new  brood  of  curculio.  The  method  most  likely  to  pro- 
tect the  apple  would  seem  to  be  to  keep  the  foliage  and  fruit  cov- 
ered with  spray  throughout  the  season,  and  this  could  be  best  ac- 
complished by  spraying  at  regular  and  short  intervals.  Other 
considerations  modify  this  schedule,  however.  The  fact  that 
eighty  per  cent  of  the  first  brood^f  codling-moth  larvae,  and  a 
large  percentage  of  the  second,  enter  the  blossom  end  of  the  apple, 


Fig.  8.— The  iras  engine  at  work     (Photo  by  C.  V.  Holsinger.) 

connected  with  the  fact  that  for  several  days  after  the  petals  drop 
this  blossom  end  is  wide  open  and  easily  filled  with  poison,  which 
will  soon  be  enclosed  and  held  ready  for  all  **worms"  that  enter, 
renders  treatment  at  this  time  of  greatest  importance.  Likewise, 
the  concentration  of  serious  curculio  attack  during  a  short  period 
beginning  with  the  setting  of  the  apples,  and  attempts  of  apple 
scab  and  apple  blotch  to  establish  themselves  in  the  tender  tissue, 
render  early  treatment  very  important. 
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APPLICATION. 

The  mixtures  were  applied  by  means  of  barrel,  geared,  and 
gas-engine  sprayers.  The  pressure  ranged  from  80-120  pounds 
in  the  barrel  pump,  through  100-160  pounds  in  the  geared 
sprayer,  to  140-225  pounds  in  the  gas-engine  outfit.  All  Bordeaux 
and  lime-sulphur  sprays  were  deUvered  as  a  fine  mist,  which  gave 
the  trees  a  good,  even  coat.  Spraying  was  continued  until  aU 
parts  of  each  tree  were  thoroughly  covered.  In  the  second  appli- 
cation the  spray  was  shot  down  into  the  open  blossom  ends.  Prom 
four  to  eight  gallons  per  tree  were  used. 

SCHEDULE  OF  APPLICATION. 

First  Application. — As  the  cluster  buds  open  but  before  blos- 
soming, spray  thoroughly  with  Bordeaux  mixture  and  lead  arse- 
nate or  with  prepared  lime-sulphur  and  lead  arsenate. 

Second  Application, — As  soon  as  the  majority  of  the  petals  have 
fallen  spray  thoroughly  with  Bordeaux  mixture  and  lead  arsenate 
or  with  prepared  lime-sulphur  and  lead  arsenate. 

Third  Application, — Three  weeks  after  the  falling  of  the  petals 
spray  thoroughly  with  Bordeaux  mixture  and  lead  arsenate  or 
with  prepared  lime-sulphur  and  lead  arsenate. 

Fourth  Application. — Ten  weeks  after  the  falling  of  the  petals 
spray  thoroughly  with  arsenate  of  lead  alone,  using  two  pounds 
to  fifty  gallons  of  water. 

RESULTS. 

In  determining  the  efiiciency  of  the  spraying  mixtures  for  the 
control  of  insects  and  fungous  diseases  more  than  a  quarter  of  a 
million  apples  were  individually  examined.  To  be  exact,  256,240 
apples  in  the  seven  orchards  were  taken  into  consideration.  Large 
numbers  have  been  used  in  the  hope  that  the  effect  of  local  condi- 
tions might  be  eliminated  and  the  results  be  made  representative. 
For  each  block  under  treatment  three  summaries  are  presented, 
the  first  dealing  with  the  dropped  fruit,  the  second  with  the  picked 
fruit,  and  the  third  with  the  total  of  both  dropped  and  picked. 
Owing  to  the  fact  that  insect  and  fungous  attacks  operate  for  a 
time,  then  cease  to  be  active,  coupled  with  the  fact  that  dropping 
of  infested  fruit  is  correlated  with  the  physiological  condition  of 
the  tree,  which  is  immediately  dependent  upon  surrounding  con- 
ditions, the  consideration  of  the  whole  amount  of  fruit  which  set 
was  the  only  means  by  which  we  could  reach  a  true  conception  of 
what  the  sprays  accomplished. 
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Fig.  ».— "In  detennininsr  the  efficiency  of  the  sprayinjr  mixtures    .    .    .    more  than  a 
quarter  of  a  million  apples  were  individually  examined."    Examininir  the  fallen  fruit. 


Pig.  10.— "In  detenninintr  the  efficiency  of  the  sprayinjr  mixtures    .     .    .    more  than  a 
quarter  of  a  million  apples  were  individually  examined.**    Examininir  the  picked  apples. 
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That  the  reader  may  grasp  the  general  effects  of  this  treatment, 
the  percentage  of  the  total  yield  injured  by  each  species  of  impor- 
tant insect  and  fungous  disease  under  Bordeaux,  lime-sulphur, 
and  check  treatment  has  been  determined  and  set  down  in  the 
form  of  a  summary.  For  example,  the  total  number  of  apples  un- 
der* Bordeaux  treatment  has  been  determined,  the  total  number  of 
apples  under  Bordeaux  treatment  which  are  infested  with  codling- 


FiG.  11.-  Effect  of  sprayintr  with  Bordeaux  mixture  on  apple  scab.    A.  Unsprayed  Inirrams 
badly  infested  with  scab.    B.  Sprayed  Iniframs  absolutely  free  from  disease. 


moth  has  been  determined,  and  the  percentage  which  the  latter  is 
of  the  former  has  been  worked  out.  Thus  we  obtain  the  following 
summary: 


IHSBCT  OB  DISCASB.. 


Moth 

CurcuUo  

Scab 

Apple  blotch.. . 
Sooty  blotch- 
Bitter  rot 

Black  rot 


Spray  injury 

Fruit  absolutely  free  from  insect  and  funytms  injury. 


Bordeaux, 
per  cent 


7.21 
28.97 
2.58 
7.42 
2.05 
4.90 
0  25 

19.43 
59.60 


Lime- 
sulphur, 
per  cent 


Check, 
per  cent 


5.09 

32.40    . 

1.30 

13.35 

4.38 

6.34 

1.93 

4.02 

.'VS  04 

26.80 
52.50 
17  98 
23.80 
21.35 
10.84 
3.01 


The  unsprayed  trees  showed  26.9  per  cent  of  all  the  apples  which 
set  wormy  with  codling-moth.  The  treatment  with  Bordeaux  and 
arsenate  of  lead  reduced  this  to  7.2  per  cent;  while  the  use  of  lime- 
sulphur  and  arsenate  of  lead  reduced  it  to  5  per  cent.  The  un- 
sprayed trees  showed  52  per  cent  of  all  the  apples  which  set  in- 
jured by  curculio.  Treatment  with  the  Bordeaux  combination  re- 
duced this  to  28.9  per  cent,  while  treatment  with  the  lime-sulphur 
reduced  it  to  32  per  cent.  The  unsprayed  trees  showed  18  per 
cent  of  all  fruit  which  set  injured  by  apple  scab.    Treatment  with 
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Pig.  12.— "Apple  scab  appeared  on  the  unsprayed  Injrrams  and  did  much  harm/*    A.  Scab  spot. 

the  Bordeaux  combination  reduced  this  to  2.5  per  cent,  while  the 
lime-sulphur  reduced  it  to  1.3  per  cent.  The  unsprayed  trees 
showed  23  per  cent  of  all  the  apples  which  set  injured  by  apple 
blotch.  Treatment  with  the  Bordeaux  combination  reduced  this 
to  7.4  per  cent,  while  the  lime-sulphur  reduced  it  to  13  per  cent. 
Feeling  that  apple  blotch  is  perhaps  the  most  difficult  of  all  of 
the  fungous  diseases  which  the  apple  orchardist  must  meet,  we 
determined  to  find  out  the  relative  value  of  Bordeaux  and  lime- 
sulphur  in  preventing  this  disease  in  orchards  where  it  had  been 
sufficiently  prevalent  for  years  to  destroy  practically  the  entire 
crop.     A  block  of  156  Missouri  Pippin  trees,  located  in  the  midst 


Fic;.  13.—  "  Apple  blotch  wa.s  mainly  confined  to  Missouri  Pippins."    A.  Blotch  s]K>t. 

of  a  100-acre  orchard  of  the  same  variety,  was  selected  for  the  ex- 
periment. This  block  was  so  chosen  that  each  of  the  rows  com- 
posing it  would  be  subjected  apparently  to  exactly  the  same 
environment,  and  it  was  divided  into  five  rows.  The  first  received 
no  treatment  whatever,  the  second  was  thoroughly  sprayed  twice 
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with  3-4-50  Bordeaux,  the  first  treatment  being  given  at  the  drop- 
ping of  the  petals  and  the  second  treatment  three  weeks  later. 
The  third  was  sprayed  thoroughly  three  times  with  3-4-50  Bor- 
deaux, the  first  spray  being  applied  at  the  dropping  of  the  petals, 
the  second  three  weeks  later,  and  the  third  ten  weeks  after  the 
first.  The  fifth  was  sprayed  two  times  with  one  and  one-half 
gallons  of  commercial  lime-sulphur  to  fifty  gallons  of  water,  the 
first  spray  being  given  at  the  dropping  of  the  petals  and  the  second 
three  weeks  later.    The  fourth  was  sprayed  three  times  with  one 


Fig.  14.— Averafire  commercial  returns  from  spraying  Missouri  Pippins  which  were  located 
In  a  hundred-acre  orchard  badly  infested  with  apple  blotch.  The  poor  showinsr  of  the  unspray  ed 
trees  is  due  to  blotch.  Late  frosts  prevented  a  full  set  of  fruit.  A.  Sprayed  three  times 
with  the  Bordeaux  combination.  B.  Sprayed  three  times  with  the  lime-sulphur  combination. 
C.  Unsprayed. 

and  one-half  gallons  of  commercial  lime-sulphur  solution  to  fifty 
gallons  of  water,  the  first  being  applied  at  the  dropping  of  the 
petals,  the  second  three  weeks  later,  and  the  third  ten  weeks  after 
the  first.  In  all  cases  the  mixtures  were  delivered  as  a  mist  under 
a  pressure  ranging  from  120  to  180  pounds  with  a  gas-engine 
sprayer,  and  an  especial  effort  was  made  to  give  the  trees  in  every 
case  an  even  and  continuous  coat.  Arsenate  of  lead  at  the  rate  of 
two  pounds  to  fifty  gallons  of  water  was  used  in  the  first  two 
sprayings  of  each  row.  Although  the  check  received  no  poison 
and  the  commercial  results  are  on  that  account  open  to  suspicion  as 
being  modified  by  insect  injury,  careful  observation  has  convinced 
us  that  apple  blotch  is  mainly  to  blame  for  the  low  commercial  yield 
of  the  check.  The  following  tables  will  show  the  results  of  this 
treatment  in  commercial  returns  and  in  counts  made  of  the  in- 
dividual apples. 


Digitized  by  VjOOQIC 


284 


Spraying  the  Apple  Orchard. 


RetuTDs  In  MerohaDtable  Fruit  u  "Oicbkid  Run." 


iBuU.  174 


ROW. 

Treatment. 

Percentage 
of  Merchant- 
able Pmit. 

1                                   

None 

1S.» 

s               

Bordeaux  twice  — , 

Bordeaux  three  times 

Lime-sulphur  twice 

60.0 

8 

83.& 

5                       

57.0 

4.'.'.'.'.'..'..'..'. 

Lime-sulphur  three  times. .. 

57.0 

Returns  in  Merchantable  Fruit  when  graded  in  Ts.  S*s.  and  Salable  Culls. 


Row. 

Treatment. 

Percentage  of  Merchantable  Pruit 
Which  Graded: 

Vs. 

8's. 

Salable  Culls. 

1     

None 

0.0 
8.4 

18.8 
5.0 

18.8 

17.6 
64.4 
54.5 
41.8 
48.7 

88.4 

s 

Bordeaux  twice 

38.« 

3 

Bordeaux  three  times 

Lime-sulphur  twice 

87.S 

5 

53.2 

4 

Lime>sulphui  three  times. .. 

88.5 

Effect  of  the  Sprays  as  Determined  by  Examination  of  Every  Apple  Which  Set  on 
Each  of  Four  Trees  From  f^ach  Row. 


Row. 

Treatment. 

Percentage  of  Apples  Free  Prom 
Apple  Blotch. 

Windfalls. 

Picked.                TotaL 

1 

None 

11.6 
86.9 
61.6 
15.7 
25.0 

18.6 
58.0 
77.3 
20.5 
48.8 

11.7 

8 

Bordeaux  twice 

45.1 

8 

Bordeaux  three  times 

Lime-Aulphur  twice 

72.0 

5 

16.5 

4 

Lime-sulphur  three  times. . . 

34.5. 

Such  sprayed  fruit  as  was  infested  showed  fewer  and  smaller 
spots  than  the  unsprayed. 


Ar-' 


Fig.  15.— "Likewise  the  work  of  sooty  blotch  and  fly  speck  damaged  the  Ingrams  mainly.' 
A.  Sooty  spots. 


Both  lime-sulphur  and  Bordeaux  checked  the  apple  blotch  ma- 
terially, even  in  this  badly  infested  orchard.  Three  applications 
are  much  more  satisfactory  than  two,  and  Bordeaux  is  much  more 
effective  than  lime-sulphur. 

Sooty  blotch  has  been  satisfactorily  controlled  by  the  spraying. 
Although  these  sprays  were  not  applied  with  a  view  of  controlling 
bitter  rot,  and  were  put  on  too  early  in  the  season  to  be  very  effect- 
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Fio.  10.— "Bitter  rot  attacked  a  few  of  the  Jonathan  trees.'*    A.  One  of  the  rot  spots. 


Fig.  17.—" Black  rot  made  its  appearance    .    .    .    but  did  little  harm."    A.  Rot  spot. 

ive,  they  materially  reduced  the  percentage  of  fruit  injured  by  this 
disease.  So  little  black  rot  appeared  that  the  effect  of  spraying  on 
this  disease  was  not  striking. 

Twenty-four  and    nine-tenths    per    cent    of    all    the    fruit 
which  set  on  trees  sprayed  with  Bordeaux  combination  showed 
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more  or  less  spray  injury,  while  5.6  per  cent  of  all  the  fruit  which 
set  on  trees  sprayed  with  lime-sulphur  showed  spray  injury. 

Only  12.9  per  cent  of  all  the  fruit  which  set  on  trees  that  were 
unsprayed  came  through  entirely  free  from  insect  and  fungous  in- 
jury, while  59.6  per  cent  of  that  on  the  trees  treated  with  the  Bor- 
deaux combination  was  uninjured,  and  53  per  cent  of  that  which 
set  on  trees  treated  with  the  lime-sulphur  combination  was  un- 
touched. 

Commercially  the  harm  from  Bordeaux  burning  lies  in  the  re- 
duction of  the  percentage  of  merchantable  fruit  that  wDl  grade 
number  1.  In  our  experience  the  Bordeaux  treated  and  burned 
trees  will  produce  about  as  much  merchantable  fruit  as  the  lime- 
sulphur  treated,  but  the  percentage  of  number  I's  in  the  former 
is  smaller  than  in  the  latter,  while  the  percentage  of  number  2'sof 
the  former  is  larger  than  that  in  the  latter. 

It  is  hardly  within  the  province  of  this  bulletin  to  consider  the 
causes  of  Bordeaux  burning,  but  in  view  of  the  fact  that  its 
use  is  always  likely  to  be  followed  by  more  or  less  burning,  a 
few  remarks  relative  to  the  conditions  under  which  it  bums 
may  not  be  out  of  place.  Previous  work  on  this  subject  has 
shown  that  Bordeaux  injury  is  usually  severe  when  the  appli- 
cation is  followed  closely  by  wet  weather,  and  that  certain  va- 
rieties are  very  susceptible  to  injury  while  others  are  almost  or 
quite  immune.  These  findings  agree  exactly  with  the  experience 
of  the  writers.     While  carrying  out  orchard  spraying  as  assistant 

Relation  of  varieties  to  Bordeaux  injury 
observed  durinir  the  past  season. 


Almost  or  quite 
uninjured. 

Injured. 

1 
Ingram.                   Jonathan. 
Winesap. 
Missouri  Pippin 
Ben  Davis 
York  Imperial 

entomologist  in  the  state  of  New  Hampshire,  the  junior  author 
applied  two  sprays  of  Bordeaux  and  arsenate  of  lead  to  Macintosh 
Red  apples  without  any  resulting  injury  whatever.  Within  twenty- 
four  hours  after  the  third  application  a  heavy  rain  fell  and  in  ten 
days  the  damage  was  very  large,  the  leaves  and  fruit  being  badly 
spotted.  Likewise  the  second  treatment  of  Jonathans  at  Parker 
showed  (the  first  was  not  given)  no  injury,  but  within  forty-eight 
hours  of  the  completion  of  the  third  treatment  a  heavy  rain  came 
and  in  two  weeks  thereafter  much  burning  of  fruit  and  foliage  be- 
came apparent.    As  soon  after  this  heavy  rain  as  the  sprayer 
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Fio.  18.— Any  variety  susceptible  to  Bordeaux  injury  when  treated  with  Bordeaux  is 
likely  to  suffer.   Missouri  Pippins  russeted  by  Bordeaux. 


Fig.  19.— Lime-sulphur  treated  Jonathan. 
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could  be  pulled  into  the  orchard  the  mixed  planting  at  Mildred 
was  treated  with  Bordeaux,  and,  not  followed  by  a  rain  for  a  week  or 
more,  not  a  trace  of  burning  appeared.  Any  variety  susceptible 
to  Bordeaux  injury  treated  with  Bordeaux  mixture  is  very  likely 
to  suffer.  The  preceding  table  and  summary  clearly  show  that  all 
ordinary  diseases  except  apple  blotch  are  almost  as  well,  equally 
well,  or  better  controlled  by  use  of  lime-sulphur  than  by  Bordeaux 
mixture.  Why,  then,  should  not  lime-sulphur  be  used  on  all 
varieties  susceptible  to  Bordeaux  injury  and  not  likely  to  be  seri- 
ously attacked  by  blotch?  Why  not  use  lime-sulphur  on  Jonathau, 
Ben  Davis,  and  Winesap?  The  greater  efftciency  of  Bordeaux  in 
the  control  of  apple  blotch  and  the  susceptibility  of  the  Missouri 
Pippin  to  the  attack  of  blotch  would  render  the  use  of  Bordeaux 
on  this  variety  advisable,  although  burning  may  result. 


Recommendations. 

It  should  go  without  saying  that  the  orchard  from  which  one  ex- 
pects to  get  fine  apples  should  be  well  pruned,  well  cultivated,  and 
well  fed.  No  amount  of  spraying  will  make  trees  which  do  not  set 
apples,  either  because  of  lack  of  proper  growing  conditions  or 
frost,  produce  fruit.  Spraying  is  intended  merely  to  insure  a 
large  percentage  of  the  apples  which  do  set  against  the  ravages  of 
insects  and  fungous  diseases.  To  render  spraying  worth  while 
all  measures  which  look  toward  a  strong  set  of  apples  must  be 
taken. 

NUMBER  OF  SPRAYS. 

In  view  of  the  fact  that  these  sprays  are  intended  to  destroy 
fungous  diseases  which  develop  throughout  the  growing  season,  it 
appears  that  at  least  four  sprays  should  be  used  and  that  thej 
should  be  concentrated  at  the  beginning  of  the  season  in  such  a 
manner  that  the  foliage  and  fruit  may  be  covered  by  a  protective 
substance  when  the  disease  spores  are  sprouting  and  trying  to  at- 
tack the  rapidly  growing  and  consequently  tender  fruit  and  foliage. 
Indeed,  when  bitter  rot  is  expected,  the  fourth  spraying  should  con 
sistof  either  Bordeaux  mixture  and  arsenate  of  lead,or  commercia. 
lime-sulphur  and  arsenate  of  lead,  instead  of  merely  arsenate  of 
lead. 

TIME  OF  SPRAYING. 

There  is  a  right  time  to  spray.  The  first  spraying,  which  is  in 
tended  to  destroy  the  apple  scab  fungus,  canker-worms,  bu^ 
worms,  and  leaf-feeders,  generally  should  be  applied  just  after  the 
cluster  cups  open  and  just  before  the  flower  buds  unfold.  The 
second  spray,  which  is  intended  principally  for  codling  moth  and 
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secondarily  for  curculioand  scab  and  blotch  fungi,  should  be  given 
at  the  dropping  of  the  blossoms  and  before  the  calyx  lobes  close. 
This  may  begin  when  the  blossoms  are  one-half  to  two-thirds  down. 
The  third  spraying,  which  is  intended  for  codling-moth,  curcu- 
lio,  scab,  blotch,  black  and  bitter  rot,  should  be  given  about  three 
weeks  after  the  blossoms  fall,  because  by  this  time  the  first  brood 
of  codling  moth  larvss  is  hatching  and  the  fungus-killing  mixtures 
have  probably  been  largely  washed  from  the  trees.  The  fourth 
spraying,  when  bitter  rot  is  not  anticipated,  consists  of  arsenate 
of  lead  alone.  It  is  intended  primarily  for  second  brood  codling- 
moth  larvae  and  secondarily  for  general  leaf  and  fruit  feeders.  It 
should  be  applied  about  ten  weeks  after  the  blossoms  fall. 

SPRAYING   MACHINERY. 

Spraying  machinery  is  intended  to  deliver  the  spray  mixtures 
in  such  a  way  as  to  cover  the  trees  thoroughly  in  the  shortest  pos- 
sible time.  This  is  accomplished  by  placing  the  liquid  under 
pressure  and  delivering  it  through  a  small  aperture  whereby  it  is 
broken  up  into  a  fine  mist  which  can  be  driven  upon  all  parts  of 
the  tree.  The  first  consideration,  then,  is  the  power,  and  the  sec- 
ond the  pump,  the  hose,  extension  rods,  and  the  nozzles. 

The  power  is  usually  derived  from  man  work,  gasoline  engine, 
or  compressed  air.  The  first  is  the  cheapest  and  most  practical 
when  less  than  five  hundred  trees  are  concerned,  but  when  500  to 
2000  trees  must  be  treated  a  gasoline  engine  is  needed,  and  when 
more  than  two  thousand  trees  are  to  be  sprayed  compressed  air 
should  be  employed. 

It  is  quite  possible  that  some  growers,  owing  to  scarcity  of 
labor,  will  find  the  gas  engine  most  practical  for  a  smaller  number 
of  trees  than  500.  The  objection  to  the  gas  engine  for  more  than 
2000  trees  lies  in  the  fact  that  more  than  one  outfit  must  be  em- 
ployed, necessitating  the  employment  of  an  engineer  for  each,  who, 
if  satisfactory,  is  usually  high  priced.  It  is  better  when  several 
outfits  are  needed  to  purchase  a  good  gas  or  steam  engine  and  a 
compressor,  by  means  of  which  an  abundance  of  power  can  be 
produced  for  all  outfits.  In  our  experience,  spraying  done  by 
means  of  a  gas  engine  outfit  when  the  engine  runs  well,  costs, 
other  things  being  equal,  a  little  more  than  one-half  as  much  as 
when  done  by  hand  power.  The  reduction  in  cost  should  be  al- 
most as  great  when  compressed  air  is  employed. 

Whether  the  source  of  power  is  muscle  or  gasoline,  the  spray  is 
put  under  pressure  by  means  of  a  force  pump.  A  satisfactory 
pump,  regardless  of  the  power  to  be  employed,  should  have  the 
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following  points:  ( 1 )  all  parts  that  come  in  contact  with  the  spray- 
ing fluid  should  be  made  of  brass,  which  will  not  be  corroded  by 
any  of  them;  (2)  the  air  chamber  should  be  so  large  that  the  liquid 
will  be  delivered  in  a  steady  stream,  instead  of  in  a  succession  of 
spurts;  (3)  all  working  parts,  especially  the  valves,  should  be  so 
made  that  they  can  be  easily  gotten  at  and  cleaned;  (4)  the  parts 
should  be  so  arranged  that  they  will  have  the  minimum  chance  of 
breakage  should  the  pump  fall.  .  This  applies  particularly  to  the 
barrel  pump,  which  is  always  likely  to  tumble  off  the  wagon  or 
cart,  and  can  best  be  insured  by  having  a  pump  the  working  parts 
of  which  are  mainly  in  the  barrel;  (5)  when  gas  engine  is  geared 
to  pump,  both  pump  and  engine  should  be  immovably  fastened 
upon  the  same  base,  preferably  of  iron  or  steel. 

The  hose  should  be  long  enough  to  permit  the  operator  to  reach 
every  part  of  the  tree.  In  our  experience  twenty-five  feet  lengths 
have  proven  most  generally  useful.  Ordinary  garden  hose  con- 
nections are  not  satisfactory  when  much  pressure  is  to  be  em- 
ployed, because  the  part  which  is  thrust  into  the  hose  is  too  short 
and  too  smooth.  Under  heavy  pressure  such  connections  are 
likely  to  slip  and  make  trouble.  Hose  connections  having  an 
especial  length  and  roughness  of  shaft  are  desirable.  The  hose 
should  end  in  an  extension  rod  of  some  sort,  either  bamboo,  brass 
lined,  or  ordinary  gas  pipe  uncovered.  The  extension  rod  should 
bear  one  or  more  nozzles,  depending  upon  the  amount  of  pressure 
to  be  used.  Two  types  of  spray  are  used — the  strong,  dashing 
type,  when  the  solid  stream  does  not  break  up  for  five  or  six  feet 
after  leaving  the  nozzles,  and  the  mist  type,  from  which  the  liquid 
is  delivered  as  a  fog.  The  first  type  is  produced  by  the  Bordeaux 
nozzle  and  the  second  by  the  Vermorel  or  "Friend"  nozzles.  In 
our  experience  the  "Friend  "  type  of  nozzle  has  proven  a  little  the 
more  satisfactory,  because  it  never  catches  in  the  branches  of  the 
tree.  All  joints  from  pump  to  nozzle  opening  should  be  made  so 
tight  that  no  liquid  can  escape. 

SPRAYING  MATERIALS. 

We  spray  the  apple  orchard  to  destroy  insects  and  fungi  that 
would,  if  unchecked,  reduce  or  completely  destroy  the  crop.  The 
insects  that  do  most  of  the  damage  to  foliage  and  fruit  bite  off  and 
consume  pieces  of  fruit  and  foliage.  They  can  be  destroyed  by 
placing  a  stomach  poison  at  the  proper  time  on  the  food  which  they 
use.  Arsenic  combined  with  lead  (arsenate  of  lead)  has  been 
found  best  for  this  purpose,  because  it  adheres  for  a  long  time  to 
fruit  and  foliage  and  has  so  little  free  arsenious  acid  in  it  that  we 
have  never  known  it  to  burn  appreciably. 
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The  important  destructive  funf?i  bef?in  their  attack  on  fruit  and 
foliage  in  the  same  way.  A  small  spore  is  blown  upon  the  surface 
of.  the  fruit  or  leaf.  Under  the  influence  of  moisture  the  spore 
bursts  and  a  growing  sprout  emerges.  It  finds  its  way  through 
the  tissue  of  the  fruit,  grows  inside  the  tissue  and  produces 
spores  which,  escaping  from  the*  dead  tissue,  spread  the  disease 
to  other  and  healthy  tissue.  If,  while  the  spore  is  sprouting,  it  be 
brought  into  contact  with  a  substance  deadly  to  it,  it  will  perish. 
Of  course,  this  deadly  substance  must  be  just  strong  enough  to  kill 
the  young  fungous-plant  and  not  strong  enough  to  injure  the  foliage 
and  fruit  of  the  apple.  Copper  sulphate,  or  blue  vitriol,  when  com- 
bined with  milk  of  lime,  forming  Bordeaux  mixture,  has  been  found 
to  kill  the  injurious  fungi  and  not  very  seriously  injure  the  apple. 
Of  recent  years,  however,  accumulated  experience  has  shown 
beyond  doubt  that  even  the  weak  Bordeaux  will,  if  its  applica- 
tion be  closely  followed  by  rain,  badly  burn  both  the  foliage  and 
fruit  of  certain  susceptible  varieties.  This  fact  has  led  to  a 
search  for  a  substitute.  Of  those  tried,  lime-sulphur  has  proven 
most  promising.  For  all  the  common  apple  diseases  except  apple 
blotch,  lime-sulphur  properly  used  has  proven  a  satisfactory  sub- 
stitute for  Bordeaux. 

Our  experience  would  lead  us  to  recommend  the  use  of 
Bordeaux  plus  arsenate  of  lead  on  varieties  of  apples  especially 
susceptible  to  blotch,  or  upon  those  not  subject  to  Bordeaux  in- 
jury, and  lime-sulphur  plus  arsenate  of  lead  on  varieties  not  likely 
to  be  badly  infested  by  blotch.  We  would  further  recommend 
the  3-4-50  formula  for  Bordeaux  plus  two  pounds  of  arsenate  of 
lead,  or  one  and  one-half  gallons  commercial  lime-sulphur  to  fifty 
gallons  of  water  plus  two  pounds  of  arsenate  of  lead. 

METHOD  OF  APPLICATION. 

The  method  of  application  should  be  made  to  vary  with  the  object 
to  be  gained.  All  sprays  except  the  one  given  at  the  dropping  of 
the  petals  are  intended  to  coat  as  completely  as  possible  both  foli- 
age and  fruit  with  the  mixtures.  They  are  therefore  delivered  as 
a  fine  mist  from  both  ground  and  tower  in  such  a  manner  as  best 
to  effect  this  object.  The  spray  at  the  dropping  of  the  petals  is  in- 
tended to  fill  the  open  calyx  end  of  the  apple  with  poison,  because 
eighty  per  cent  of  the  first  brood  and  a  large  percentage  of  the 
second  brood  of  apple  worms  enter  the  fruit  through  this  door, 
and  because  soon  the  calyx  lobes  will  roll  together,  enclosing  the 
poison  and  holding  it  there  for  all  comers.  When  this  spray  is  de- 
livered the  young  apple  stands  with  the  calyx  opening  upward. 
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and  the  filling  can  be  best  accomplished  by  shooting  the  spray  into 
it  from  above  downward  under  great  pressure.  There  is  a  differ- 
ence of  opinion  among  experimenters  as  to  whether  the  second 
spray,  delivered  as  a  dash,  is  more  effective  than  if  delivered  as  a 
mist. 

With  the  ordinary  spraying  machinery,  efficient  spraying  can 
not  be  done  with  pressure  of  less  than  80  pounds,  and  the  work  can 
be  much  more  satisfactorily  and  rapidly  done  with  a  pressure  of 
200.  Good  types  of  barrel  pumps  will  give  pressures  ranging 
from  60  to  120  pounds,  with  an  average  of  about  80.  Gasoline  and 
compressed  air  sprayers  will  give  pressure  from  120  to  225  pounds. 

SCHEDULE  OP  APPLICATIONS. 

First  application, — Apply  as  a  mist  between  the  opening  of  the 
cluster  cups  and  the  opening  of  the  blossoms. 

Second  application. — ^Apply  lime-sulphur  as  a  mist  or  as  a  dash, 
or  Bordeaux  as  a  mist  at  the  dropping  of  the  petals  and  before  the 
calyx  closes.  Deliver  the  spray  from  above  downward  and  make 
every  effort  to  fill  the  calyx  cup  with  poison. 

Third  application, — Apply  as  a  mist  about  three  weeks  after  the 
blossoms  fall.  Apply  both  from  above  and  below  and  make  every 
effort  to  give  the  fruit  and  foliage  a  complete,  even  coat  of  the 
spray. 

Fourth  application, — ^Apply  as  a  mist  about  ten  weeks  after  the 
blossoms  fall.  Apply  both  from  above  and  below  and  make  every 
effort  to  give  the  fruit  and  foliage  a  complete,  even  coating  of  the 
spray. 

Use  3-4-50  Bordeaux  plus  two  pounds  of  arsenate  of  lead  for 
first  three  sprays  on  varieties  of  apples  immune  from  Bordeaux 
injury  or  likely  to  be  severely  injured  by  apple  blotch.  Use  one 
and  one-half  gallons  of  prepared  lime-sulphur  plus  two  pounds  of 
arsenate  of  lead  to  fifty  gallons  of  water  for  the  first  three  spray- 
ings on  varieties  susceptible  to  Bordeaux  injury  and  not  likely  to 
be  seriously  attacked  by  apple  blotch.  Make  Bordeaux  mixture 
and  mix  lead  and  lime-sulphur  as  described  on  pages  269-270. 
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Fio.  1.— Samples  of  grass  taken  from  variety  plots  on  May  18. 1904.  sbowinir  relative  (rrowthe 
Numbeiinff  from  left  to  right,  the  names  of  the  samples  are:  1.  Alsike  clover.  2.  Medium  Red 
clover.  3.  Medium  Red  clover  with  Bromus  inerrnis.  4.  Bromus  inermis.  5.  Timothy.  6.  Red- 
top.  7.  Meadow  Fescue.  8.  Orchard-grass.  9.  Italian  Rye-grass.  All  of  these  grasses  were 
seeded  in  the  spring  of  1903. 
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Changes  in  the  Personnel  ol  the  Department 

On  July  1,  1910,  Prof.  A.  M.  TenEyck,  Agronomist  in  Charge  of  the  De- 
partment of  Agronomy,  was  transferred  to  the  Fort  Hays  Branch  Agricul- 
tural Experiment  Station  as  superintendent,  and  in  August,  Prof.  W.  M 
Jardine,  formerly  of  the  United  States  Department  of  Agriculture,  was 
elected  agronomist  to  fill  the  vacancy  thus  created.  Mr.  E.  G.  Schafer  was 
elected  as  Assistant  in  Crops.  Mr.  J.  G.  Lill  succeeded  Mr.  Chas.  J.  T. 
Doryland  as  Assistant  in  Soils,  Mr.  Doryland  having  resigned  to  take 
graduate  work  in  the  Agricultural  College  of  New  Jersey.  Mr.  C.  F.  Chase 
was  elected  Assistant  in  Farm  Mechanics,  and  Mr.  Bruce  Wilson  succeeded 
Mr.  Floyd  Howard  as  Farm  Foreman.  This  bulletin  was  prepared  by 
Professor  TenEyck  when  he  was  the  Professor  of  Agronomy  in  this  College, 
but  it  was  not  fully  completed  until  after  these  changes  had  taken  place. 
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Grasses 


The  Value  of  Grasses 

Grass  is  the  fundamental  crop.  Before  the  time  of  man,  it 
covered  the  surface  of  the  earth  with  its  mantle  of  green  and  filled 
the  soil  with  its  thick,  fibrous  root-growth.  Grass  thus  protected 
the  land  from  the  destructive  influences  of  wind  and  water,  and 
became  also  the  primary  food-supply  for  a  large  part  of  the  ani- 
mal creation.  According  to  the  government  reports,  corn  holds 
the  first  place  among  the  wealth-producing  crops  of  this  country, 
and  grass  (hay)  takes  second  rank.  It  is  safe  to  say,  however, 
that  grass  is  really  greater  than  corn  as  a  wealth  producer.  The 
government  reports  fail  to  take  into  account  the  great  wealth  pro- 
duced from  grass  as  pasture;  its  great  value  as  a  soil-protector 
and  soil-renewer;  and  its  power  to  increase  the  yield  of  other 
crops  when  used  in  rotation.  Although  the  native  wild  grasses 
grow  without  the  aid  of  man,  it  is  only  when  certain  species 
are  domesticated  and  cultivated  that  the  greatest  production  of 
hay  and  pasture  is  secured. 


True  Grasses 

The  grass  family  (graminece)  includes  a  number  of  the  most 
important  common  farm  crops  not  usually  classed  as  grasses  by 
the  agriculturist.  The  cereal  grains,  including  corn,  wheat,  oats, 
barley,  rye,  etc.;  the  saccharine  and  non-saccharine  sorghums,  in- 
cluding the  sorgo  (sweet  sorghum),  Kafir,  milo,  durra,  etc.;  and 
the  millets  of  all  varieties,  are,  botanically  speaking,  grasses. 
These  crops  are  grown  largely  for  their  grain,  but  they  may  be 
used  for  hay  or  pasture.  They  are  then  properly  classed  as  forage 
crops.  The  true  grasses  are  used  principally  for  meadow  and 
pasture.  They  are  mostly  perennial,  but  include  a  few  annuals 
also.  In  this  bulletin,  the  common  clovers,  though  belonging  to 
another  family  {Xegurhinosce\  will  be  given  some  attention,  mainly 
in  their  relation  to  grasses  in  combination  meadows  and  pastures. 

(293) 
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Grasses  Worthy  of  Cultivation 

It  is  a  surprising  fact  that,  of  the  thousands  of  varieties  of 
grasses  known  to  botanists,  only  a  small  number  are  valuable  for 
cultivation.  Prof.  Thomas  Shaw,  in  his  book  on  "Grasses,'* 
names  twenty-six  varieties  which  he  considers  worthy  of  cultiva- 
tion, and  only  nine  of  these  are  of  major  importance  as  farm  crops. 
These  nine  grasses  are  named,  in  the  order  of  their  importance,  as 
follows: 

1.  Timothy.    Fhleum  praterise 

2.  Kentucky  blue-grass.     PoaprcUensis 

3.  Bermuda  grass.     Cynodon  aixctylon 

4.  Orchard-grass.    DcuAylis  ylomerata 

5.  Redtop.    Agrostis  vulgaris 

6.  Russian  brome.     Bromus  inermis 

7.  Meadow  fescue.    Festuca  pratensis 

8.  Tall  meadow  oat-grass.    Arrhenatherum  avencLceum 

9.  Meadow-foxtail.    Alopecurus  pratensis 

Six  minor  grasses  which  have  a  more  or  less  local  adaptation 
and  use  are: 

1.  Quack-grass.    Agropyrum  ripens 

2.  Johnson  grass.     Sorghum  Hnl^^nse 

3.  Crab-grass.    SyrUhensma  Sanguinalis 

4.  Western  rye- grass.    Agropyron  tenenim 
6.  Perennial  rye-grass.    Lolium  perenne 

6.  Italian  rye-grass.    Lolium  lUuicum 

Other  less  important  grasses  are: 

1.  Wire-grass.     Carex  wlpinoidta 

2.  Texas  blue-grass.    Poa  arachnifera 

3.  Rough-stalked  meadow-grass.    Poa  trivialis 

4.  Fowl  meadow-grass.    Poa  aerotina 

5.  Rescue-grass.    Bromus  unioloides 

6.  Sheep's  I'escue.    Festu4:a  ovina 

7.  Carpet-grass.     Paspalum  compressum 

8.  Velvet-grass.    Holcua  lanatus 

9.  Australian  salt  bush.    Atriplex  Semilmccaia 

Bluejoint  {Calamagrostis  Canadensis)  and  Blue  grama  {Bouteloua 
oligostachya)  are  two  promising  wild  grasses  not  yet  under  culti- 
vation. 

To  the  above,  the  writer  would  add  the  following  promising  Kan- 
sas grasses,  not  yet  under  cultivation : 

3.  Big  bluestem.     Andropogon  furcaius 

4.  Littjle  bluestem.     Andropogon  sco]^arius 

5.  Buffalo-gi-ass.     Bulbilis  cCactyloiaes 

6.  Gama- grass.     THpsaaim  dactyloides 

7.  Indian  grass.     Sorghastrum  avena^ceum 

8.  Switch-grass.     Panicum  virgatum 

9.  Prairie  oats.     Aiheropcgon  curtipendulus 

10.  Prairie  grass.     Koeleria  cristata  and  Eatonia -obtusata 

11.  Short  gama.     Bouteloua  hirsuta 
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Classification  According  To  Use 


Meadow  Grasses 

Grasses  may  be  classed  as  "tall"  and  "short."  The  tall 
grasses,  as  the  name  implies,  are  those  of  taller  growth,  forming 
suflScient  foliage  to  be  mowed  for  hay.  Among  the  more  promi- 
nent hay  or  meadow  grasses  are  timothy,  redtop,  meadow  fescue, 
Russian  brome-grass,  meadow-foxtail,  Johnson  grass,  and  the 
several  rye  and  wheat  grasses.  Western  prairie  hay  is  made  up 
largely. of  such  tall-growing  wild  grasses  as  big  bluestem,  little 
bluestem,  Indian  grass  and  the  several  Panicums,  such  as  switch- 
grass,  panic-grass,  etc.  Various  species  of  Spartina,  or  marsh- 
grass,  gama-grass,  and  bluejoint,  make  much  of  the  coarser 
slough  hay  of  the  Middle  and  Eastern  States. 

Pasture  Grasses 

Grasses  were  first  used  for  grazing.  Certain  grasses  are  much 
more  valuable  than  others  for  this  purpose.  According  to  their 
habits  of  growth,  grasses  may  be  divided  into  two  general  groups: 
those  species  or  varieties  which  spread  by  creeping  stems,  either 
above  or  below  ground;  and  those  which  grow  in  tufts  or  bunches, 
and  which  do  not  spread  except  by  starting  new  plants  from  the 
seed.  The  creeping  grasses  are  by  far  the  more  valuable  pas- 
ture grasses,  since  they  do  not  readily  "run  out,"  but  are  rapidly 
renewed  and  tend  to  thicken,  covering  the  ground  with  a  firm, 
thick  sod.  Of  the  bunch-grasses,  those  that  produce  leaves 
largely  from  the  roots  or  crown  are  the  more  valuable  for  pasture; 
while  the  grasses  which  have  a  large  proportion  of  leaves  on  the 
culm,  or  stem,  are  the  more  valuable  for  hay  or  meadow. 

While  several  of  the  meadow  grasses  are  valuable  for  pasture, 
the  three  distinctively  pasture  grasses  are  the  Kentucky  blue- 
grass  of  the  Middle  and  Eastern  States,  with  its  Canadian  variety 
in  the  North;  the  Bermuda  grass  of  the  South;  and  the  buffalo- 
grasses  of  the  Western  Plains,  of  which  there  are  several  impor- 
tant varieties.  These  grasses  are  about  equally  valuable  in  their 
respective  regions. 

Lawn  Grasses 

Singularly  the  three  great  pasture-grasses  are  also  the  best 
lawn  grasses  in  their  respective  regions.  The  characteristics  of  a 
good  lawn  grass  are  the  same  as  those  of  a  good  pasture  grass. 
Good  lawn  grasses  should  form  a  beautiful,  even  green-sward  and 
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a  firm,  thick  sod.  Lawn  grass  should  not  be  inclined  to  produce 
large  stems,  but  should  grow  many  leaves  which  lie  close  to  the 
ground  so  that  it  may  bear  close  and  frequent  chpping.  None  of 
the  better  meadow  or  hay-producing  grasses  are  suitable  for  the 
lawn,  because  they  make  a  stemmy  growth  and  do  not  endure  close 
and  frequent  clipping. 

There  is  no  virtue  in  the  peculiar  and  complex  lawn-grass  mix- 
tures often  recommended  by  seedsmen,  except  that  Kentucky  blue- 
grass  requires  the  presence  of  white  clover  both  in  lawn  and  in 
pasture  in  order  that  it  may  remain  permanent  and  vigorous  in 
growth. 

Soil-Binding  Grasses 

All  perennial  grasses  are  soil-binding,  even  though  they  do  not 
form  a  perfect  sod,  since  the  soil  particles  are  held  in  the  embrace 
of  the  extensive  fibrous  root  system  characteristic  of  all  peren- 
nial grasses.  However,  the  creeping  grasses  are  the  better 
soil-binders.  They  hold  the  soil  with  their  roots,  and  also  form  a 
complete  surface-cover  which  acts  as  a  protection,  shielding  the 
soil  from  the  destructive  influence  of  wind  and  water.  The  three 
pasture  and  lawn  grasses  named,  are  the  great  soil-binding 
grasses.  Certain  other  meadow  and  pasture  grasses,  such  as 
Bromus  inermis  and  quack-grass,  are  well  adapted  for  this  use,  as 
are  also  a  number  of  the  wild,  or  native,  prairie  grasses. 

Grasses  for  Wet  Land 

The  wild  marsh-grasses  can  scarcely  be  improved  upon  in  the 
slough  and  in  poorly  drained  areas.  Consequently  the  breaking 
of  wet  land  is  often  a  doubtful  investment  unless  such  land  can 
be  well  drained  and  reclaimed  from  its  swampy  condition.  How- 
ever, there,  is  much  low  land  now  in  cultivation  which  is  not 
swampy,  but  which  is  often  too  wet  to  till  because  it  is  frequently 
flooded  by  heavy  rains  or  by  the  overflow  of  streams.  Such  land 
may  well  be  seeded  in  grass  and  profitably  kept  either  for  pasture 
or  for  meadow.  Grasses  are  great  lovers  of  moisture,  and  all  the 
more  valuable  domestic  grasses  thrive  best  on  well- watered  land. 
Certain  varieties  are  better  adapted  than  others  to  wet  lands. 
Chief  among  these  is  common  yedtop,  which  is  valuable  both  for 
meadow  and  for  pasture.  Timothy  and  redtop  are  usually  sown 
together  for  meadow;  and  for  pasture,  other  grasses  may  well  be 
included — meadow  fescue,  orchard-grass,  and  Kentucky  blue- 
grass.    Alsike  clover  is  better  adapted  to  wet  lands  than  are  other 
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clovers.  When  possible,  Alsike  should  be  sown  with  redtop  to 
improve  the  quality  of  the  foliage  and  to  increase  the  permanency 
and  productiveness  of  the  pasture  or  meadow. 

Grasses  for  Dry  Land 

There  are  no  dry-land  domestic  grasses  which  equal  in  hardi- 
ness the  native  wild  prairie  grasses  of  the  western  prairies.  It  is 
strange  that  certain  of  these  hardy  grasses  which  are  so  valuable, 
even  in  their  wild  state,  have  never  been  domesticated  and  im- 
proved. None  of  the  domesticated  grasses  thrive  under  the  moye 
severe  dry-land  conditions.  Certain  varieties  are  much  more 
hardy  and  productive  than  others.  First  among  these  may  be 
mentioned  the  Agropyrons,  or  wheat  grasses,  of  which  the  western 
rye-grass  is  the  common  cultivated  variety.  The  wheat  grasses 
are  native  of  the  northwestern  states  and  are  well  adapted  to  the 
warmer  climate  of  Kansas  and  Oklahoma.  Other  drouth-resisting 
grasses  are  Bermuda  grass,  tall  oat-grass,  and  Bromua  inermia. 
Brcymua  inermia  is  perhaps  best  adapted  to  conditions  in  western 
Kansas.  Bermuda  grass  is  scarcely  hardy  in  this  State,  except 
perhaps  in  the  southern  counties.  Farther  south  it  becomes  one 
of  the  most  valuable  grasses  and  may  thrive  even  on  the  dry  lands 
of  western  Texas  and  of  western  Oklahoma. 

The  farmers  of  the  West  have  a  difficult  problem  to  reclaim  for 
profitable  grass  production  large  areas  of  the  drier  western  lands 
which  have  been  "cropped"  too  long  with  wheat  and  other  grains. 
None  of  the  domestic  grasses  fulfill  the  conditions.  It  seems  to  the 
writer  that  the  solution  of  this  problem  lies  in  the  development  of 
our  native  grasses.  In  fact,  it  has  been  demonstrated  already 
that  buffalo-grass  may  be  successfully  reestablished  on  old,  culti- 
vated fields  within  two  or  three  years,  by  simply  planting  pieces 
of  the  sod.  It  is  probable  that  if  this  grass  and  other  western 
grasses  were  grown  and  bred  under  favorable  cultural  conditions 
for  a  few  years,  valuable  strains  might  be  secured  and  propagated. 


Experiments  With  Grasses 

For  several  years  a  field-test  of  a  number  of  standard  grasses 
has  been  carried  on  at  this  Station.  The  first  seedings  were  made 
in  the  spring  of  1903,  and  later  seedings,  both  in  the  spring  and  in 
the  fall,  have  been  made  since  that  date.  However,  the  results 
pubhshed  in  Table  I  are  mainly  the  yields  from  the  original  plots 
seeded  in  1903.    The  trials  have  beeh  made  on  the  average  upland 
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soil  of  the  Experiment  Station  farm,  which,  at  the  beginning?  of  the 
experiment,  was  rather  lacking  in  fertility.  During  the  five  years, 
the  grass-plots  have  been  given  two  light  dressings  of  well-rotted 
barnyard  manure,  about  twelve  loads  an  acre.  The  .manure  was 
applied  during  the  vnnter  and  was  spread  evenly.  The  land  is 
now  much  improved  in  fertility,  as  shown  by  the  increased  yields 
of  hay  and  by  the  rank  growth  of  other  crops  planted  on  some  of 
the  plots  after  breaking,  in  1907  and  1908.  The  grasses  and 
clovers,  and  combinations  seeded  and  tested  in  these  experiments, 
are  named  in  Table  I,  which  gives  the  date  of  the  first  cutting  and 
the  annual,  and  average  yield  of  hay  for  the  several  yearsr. 

The  plots  used  in  this  experiment  were  each  one  fourth  acre  in 
area.  The  quantity  of  seed  of  each  grass  or  combination  sown 
was  as  nearly  as  possible  the  regular  amount  given  in  this  bulletin. 
The  number  of  cuttings  for  hay  varied  with  the  grass  and  with  the 
season.  Medium  clover  made  two  good  cuttings;  the  second  cut- 
tings of  mammoth  red  clover  and  Alsike  were  usually  light,  these 
varieties  tending  to  head  only  once.  Common  alfalfa,  Turkestan 
alfalfa,  and  sand  lucerne  yielded  regularly  four  cuttings  each  per 
season.  In  favorable  seasons  the  grasses  produced  a  heavy  after- 
math, which  was  cut  and  cured.  The  weight  of  this  aftermath 
added  to  the  crop  yield.  Usually  the  second  cutting  did  not 
amount  to  much,  but  in  some  seasons  the  yield  was  considerable. 
In  1908  the  yield  amounted  to  over  a  ton  of  cured  hay  per  acre  for 
Bromus  inermia^  and  nearly  one  and  one  half  tons  for  orchard-grass 
and  for  meadow  fescue.  Most  of  the  grasses  head  only  once  in  a 
season  and  produce  regularly  one  good  cutting.  Timothy  may 
produce  heads  twice  in  the  wettest  seasons,  yielding  two  good 
cuttings.  A  heavy  yield  of  timothy  was  grown  in  1908,  the  second 
cutting  yielding  one  and  one  half  tons  of  good  hay  per  acre. 

The  yields  as  given  in  Table  I  are  comparable  for  four  seasons, 
1904-1907,  being  those  of  the  original  plots  seeded  in  1903,  clovers 
excepted.  In  1907,  several  of  the  plots  were  plowed,  and  the 
yields  for  1908  were  in  several  cases  from  other  plots  and  from 
newer  seedings. 

The  yields  of  ha,y  in  1907  and  1908  were  determined  as  follows: 
The  field-cured  hay  was  weighed  as  hauled  from  the  field  and  sam- 
ples were  taken  for  moisture  determination;  the  yields  as  reported 
are  for  air-dry  hay  containing  fifteen  per  cent  of  moisture.  In 
1904, 1905,  and  1906,  few  moisture  determinations  were  made  and 
the  yields  given  are  for  field-cured  hay,  but  especial  care  was 
taken  to  have  the  hay  well  cured  before  stacking.  However,  the 
moisture-content  of  hay  as  stacked  often  varies  greatly,  different 
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Tabue  I.— Results  of  Experiments  with  G  nisses — Comparaiiye  Yields  of  Hay. 


NAM!  OF  CBOP. 

At.  daU 
of 

lat  entting. 

Average  yield  per  acre  in  pounds. 

1904. 

1906. 

1906. 

1907. 

1906. 

2yrs.. 

•04-'08. 

4yrs.. 
'04-'07. 

4yrs.. 
•05.'08. 

Common  alfalfa 

Turkestan  alfalfa 

Sand  lucerne 

June   7 
June  7 
June  7 

June  18 

June  18 

July    5 

June  15 
June  18 
June  11 
July    5 
July    5 
June  13 
July    9 
June  21 
June  21 
June  10 
May  29 

June  14 

June  7 

June  13 
June  18 
July    4 
June  13 

June  13 
July    5 

4488 

8520 

seeded 

9420 

2880 

4840 

4840 
3680 
590» 
4530 
3982 
1815 
2378 
760 
883 
1844 
seeded 

5680 

5410 

5020 
5020 
6360 
6312 

6208 
2178 

9720 
8860 
5880 

5740 

3340 

4072 

2840 
1724 
1621 
4901 
2696 
1785 
• 

isio 

3799 
1720 

5740 
6100 

4960 
5000 
3664 
4040 

4000 
4356 

8380 
6840 
5060 

plowed 

4340 

plowed 

2240 
1630 
1385 
5393 

1570 
1480 

• 

plowed 

plowed 

2500 

2780 

6030 

2060 
2200 
4100 
1740 

I860 
4074 

5900 
5100 
6280 

3440» 

plowed 

37«0» 

1720 
620 
1144 
4293« 

plowed 

1785 

plowed 

9704 
6092 
8515 
winUr 
killed 

winter 
kiUed 
5282' 
4645' 
7087' 
7526* 

■'48ii' 

7104 
6190 

7122 
6060 

8426 
6876 
6434 

Medium  red  clover.. . . 

7580 

8110 

4456 

3840 
2702 
1105 
4715 

1800 

Alslke  clover 

Maomioth  red  clover. 

Bramus  inemtU^ 

Meadow  fescue* 

Orchard-grass* 

Timothy 

2910 
1913 
1185 
4779 

3008 
2155 
2809 
5528 

Red  top 

Tall  meadow  oat-gran 

Western  rye-grass. . . . 

1704 

2453 

Perennial  rye-grass. . . 

1050 

'  2341 

1782 

Italian  rye-grass 

Bromus  ereetus 

Kentucky  blue-grass.. 

1360 
1480 
4280 

2360 

2020 

4293* 

plowed 

840 
,4293« 

plowed 

plowed 

9895 

plowed 

plowed 

7373" 

plowed^ 

Bromus  inermis  and 
medium  red  clover.. 

Bromus  inemUs  and 
alfalfa* 

S660 
5755 

5440 
5010 
5012 
5176 

5104 
3267 

3895 
5465 

3825 
3560 
4604 

6576 

Bromus  insrfnis,  or- 
chard-grass, and 
medium  red  clover.. 

BroBU  inermis,  timothj, 
and  nediom  red  elorer. . . 

Timothy   and   me- 
dium red  clover 

Meadow  fescue  and 
medium  red  clover.. 

4857. 

Meadow  fescue,  or- 
chard-grass,   and 
medium  red  clover. 

Timothy  and  redtop. . 

3252 
3725 

*  After  1904.  average  of  two  plots,  one  seeded  in  the  spring  of  1903  and  one  in  the  iall  of 
1903. 

*  Not  comparable  with  other  grass  plots  on  account  of  poorer  soil. 
'  Second  seeding  on  another  plot. 

*  Hay  from  these  plots  was  weighed  together,  by  error,  and  this  is  the  average  yield. 

*  Some  foliage,  but  little  stem  growth;  not  cut  for  hay. 

*  Practically  pure  timothy  in  all  plots;  clover  ran  out  in  two  years,  and  redtop  does  not 
show. 

'  Newer  seedings.  except  Bromus  inermis;  increased  yields  due  to  manuring  and  favor- 
able season. 

samples  from  different  cuttings  showing  a  variation  in  moisture- 
content  of  from  fourteen  to  thirty-six  per  cent.  Prom  the  data 
secured,  it  appears  that  well-cured  grass  hay  when  stacked  usually 
contains  from  eighteen  to  twenty-four  per  cent  of  water,  while  the 
moisture  in  alfalfa  and  clover  hay  may  run  a  little  higher.  On  the 
other  hand,  perfectly  air-dry  hay  may  contain  as  little  as  ten  to 
twelve  per  cent  of  moisture,  as  shown  by  actual  determinations. 
The  date  of  the  first  cutting  varies  with  the  several  grasses  and 
with  the  seasons.  With  alfalfa,  the  extremes  in  first-cutting  dates 
were  May  30  in  1903  and  June  21  in  1904,  a  variation  of  twenty- 
two  days.  Bromus  inermis  comes  next  with  a  range  of  twenty 
days  in  the  dates  of  maturing.  The  later-maturing  grasses  vary 
least,  timothy  showing  a  difference  during  the  five  years  of  only 
seven  days  in  dates  of  cutting  the  first  crops.    Of  the  grasses 
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named,  orchard-grass  matures  earliest;  Bromus  inermis  is  a  close 
second;  meadow  fescue  ranks  third;  and  timothy,  fourth.  The 
medium  red  and  Alsike  clovers  mature  for  hay  with  brome-grass 
and  meadow  fescue,  while  mammoth  clover  and  timothy  cut  well 
together.  Medium  red  clover  matures  too  quickly  to  cut  well  with 
timothy,  but  the  clover  has  this  advantage,  that  it  makes  a  rapid 
second  growth  after  the  first  cutting.  Thus  it  may  produce  two 
good  crops  of  hay  in  a  season,  or  the  second  crop  may  be  harvested 
for  seed.  In  earliness  and  rankness  of  growth,  Bromus  inermis 
ranks  first  (See  Pig.  1  on  title-page). 

This  early  starting  characteristic,  with  its  spreading  habit, 
makes  Bromus  inermis  especially  valuable  for  pasture. 

In  the  average  yield  for  the  four  years,  1904  to  1907,  alfalfa 
easily  ranks  first;  the  combination  crop  of  alfalfa  and  Bromus 
inermis  ranks  second;  and  timothy  ranks  third.  Combinations  of 
grasses  with  clover,  except  the  combination  of  clover  and  timothy, 
have  produced  larger  yields  than  has  grass  alone.  The  fact  that 
timothy  has  yielded  so  well  is  rather  remarkable,  but  it  should  be 
explained  that  timothy  and  combinations  with  timothy  were  given 
somewhat  the  advantage  by  being  planted  on  the  lower  and  doubt- 
less on  the  better- watered  and  more  fertile  part  of  the  field.  The 
result  is  valuable,  however,  although  the  conditions  of  growth 
were  more  favorable  to  the  timothy,  since  it  proves  that  timothy 
will  make  excellent  meadow  in  central  Kansas  when  grown  under 
favorable  conditions. 

It  will  also  be  observed  that  timothy  is  more  permanent  than 
the  other  grasses.  The  high  ^.verage  yield  of  timothy -continued 
for  each  of  the  five  years,  while  the  yields  of  clover  and  of  all  other 
grasses  except  alfalfa  decreased,  usually  after  the  second  year. 
This  deterioration  is  due  to  various  causes :  the  clovers  die  in  two 
or  three  years,  meadow  fescue  gets  thinner,  and  Bromus  inermis 
becomes  too  thick  and  sod-bound.  Orchard-grass,  under  favor- 
able conditions,  may  maintain  its  productiveness  for  many  years 
and  may  even  improve  in  stand  and  increase  in  yield  for  three  or 
four  years. 

It  is  also  worthy  of  note  that,  as  an  average  for  the  first  two 
seasons  after  seeding,  red  clover  produced  a  greater  yield  of  hay 
than  did  alfalfa.  This  was  due  in  part  to  a  very  favorable  year  for 
the  clover  in  1904,  and  also  to  the  fact  that  alfalfa  does  not  reach 
its  maximum  production  until  about  the  third  year  after  seeding. 
Medium  red  clover  has  yielded  better  than  mammoth  red  clover 
or  Alsike,  largely  because  of  its  strong  second-crop  habit.  The 
other  varieties  fail  to  make  a  second  growth  in  a  hot,  dry  summer. 
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For  the  first  two  crops,  the  advantage  of  seeding  clover  with 
grasses  is  very  apparent,  as  shown  by  the  increased  yields  from 
all  of  the  combination  plots,  the  Bromus  with  clover  proving  to  be 
one  of  the  best  hay-producing  combinations.  While  the  Bramus- 
alfalfa  meadow  ontyields  the  Bromus-cloYer  combination,  there  are 
objections  to  the  J?romi^-alfalfa  combination  because  this  crop 
requires  four  cuttings  the  same  as  alfalfa;  also,  the  last  three 
cuttings  are  largely  alfalfa.  The  particular  value  of  the  Bromus- 
alfalfa  combination  is  for  pasture,  while  for  meadow,  especially  in 
eastern  Kansas,  the  clover  with  Bromus  is  preferable.  That  the 
newer  seedings  often  have  the  advantage  of  older  seedings,  is 
shown  by  comparing  the  yields  from  several  plots  as  given  in 
Table  II. 

Tablb  n.— Comparison  of  Old  and  New  Seedings.    ' 


Plot 
No. 

Date 
seeded. 

Yield  of  cured  hay.  per  acre 

-lbs. 

1904. 

1905. 

1906. 

1907. 

1906. 

Brofmu  in&rmis 

9 
2 
8 
28 
21 
30 
29 
20 

1908 
1904 
1908 
1904 
1906 
1903 
1904 
1906 

4840 
■*868b" 

2160 
8460 
1880 
4300 

1760 
3900 
1900 
1360 

1400 
1040 
620 
400 
3800 
249 
2040 
4000 

Plowed 

Bromus  inermis 

Plowed 

Meadow  fescue 

Plowed 

Meadow  fescue 

Plowed 

Meadow  fescue 

4645 

Orchard-grass 

590 

962 
2290 

1043 
1728 

Plowed 

Orchard-grass 

Plowed 

Orchard-grass 

8884 

There  should  have  been  no  marked  difference  in  the  fertihty  of 
the  plots  seeded  in  1903  and  1904,  but  plots  20  and  21  seeded  in 
1906  had  previously  grown  alfalfa  for  three  years.  The  yields  in- 
dicate, also,  that  orchard-grass  may  not  reach  its  maximum  pro- 
duction until  the  third  or  fourth  year  after  seeding. 


Adaptation  to  Soil  and  Climate 

In  the  study  of  grasses,  their  adaptation  to  soil  and  climate  is 
often  one  of  the  most  important  factors.  Of  the  first  fifteen  vari- 
eties of  cultivated  grasses  named  above,  not  more  than  three  or 
four  thrive  well  in  any  one  locality.  It  is  important,  therefore,  to 
select  and  to  grow  only  those  varieties  of  grasses  which  are  best 
adapted  to  a  certain  locality.  Whether  a  grass  is  well  adapted  to 
any  locality  or  not  can  only  be  ascertained  by  an  actual  trial  in  the 
growing  of  the  grass  in  that  locality.  Ldttle  authentic  experi- 
mental work  has  been  done  along  this  line  in  Kansas,  with  the  ex- 
ception of  the  recent  experiments  at  this  Station,  as  reported  in 
this  bulletin.    Prom  these  experiments  and  from  the  general  ex- 
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perience  of  farmers,  we  have  learned  that  timothy  makes  a  f?ood 
hay  crop  when  grown  under  favorable  conditions  in  the  eastern 
counties  of  the  State;  and  that  south-central  and  eastern  Kansas 
are  especially  adapted  to  the  growing  of  meadow  fescue,  or  Eng- 
lish blue-grass,  while  Bromus  inermis  thrives  best  in  the  north-cen- 
tral portion  of  the  State.  Clover  grows  successfully  in  the  eastern 
counties,  while  alfalfa  is  best  adapted  to  the  great  central  portion 
of  the  State.  The  following  grasses  and  combinations  of  grasses 
and  legumes  may  be  recommended  as  suitable  for  meadow  and 
pasture  in  the  several  divisions  of  the  State  named : 


Grrasses  and  Combinations  for  Meadow 


Eastern  Kansas 

The  figures  indicate  the  number  of  pounds  of  seed  per  acre. 

1.  Timothy  (10)  and  mammoth  clover  or  Alsike  clover  (6)  or 
medium  red  clover  (8). 

2.  Orchard-grass  (25)  and  medium  red  clover  (8). 

3.  Bromus  inermis  (12)  and  medium  red  clover  (8). 

4.  Meadow  fescue  (20)  and  medium  red  clover  (8). 

5.  Bromus  inermis  (8),  orchard-grass  (12),  and   common  red 
clover  (6). 

6.  Redtop  (6),  timothy  (8),  and  Alsike  clover  (4)  (for  the  wetter 
lands). 

Central  Kansas 

Nos.  2,  3,  and  5  above,  also  Nos.  1  and  4,  under  the  more  favor- 
able conditions. 

7.  Bromus  inermis  (li)  and  alfalfa  (6). 

NOTi.— Nos.  1.  2.  and  4  are  preferable  in  the  soutb-central  part  of  the  State. 

Western  Kansas 

No.  7  as  named  above. 

8.  Bromus  inermis  (10),  tall  meadow  oat-grass  (12),  and  alfalfa  (6). 

9.  Bromus  inermis  (18). 

10.  Tall  meadow  oat-grass  (24). 
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Combinations  of  Grasses  for  Pasture 


Eastern  Kansas 

1.  Meadow  fescue  (10),  orchard-grass  (10),  Bromus  inermis  (8), 
and  medium  red  clover  (6)  or  Alsike  clover  (4). 

2.  Meadow  fescue  (10),  timothy  (6),  redtop  (6),  and  Alsike 
clover  (4),  especially  on  the  wetter  lands. 

3.  Bromus  inermis  (14)  and  clover  (6)  or  alfalfa  (6). 

4.  Kentucky  blue-grass  (24)  and  white  clover  (4). 

Central  Kansas 

5.  Bromus  inermis  (10),  orchard-grass  (12),  western  rye-grass 
(8),  and  common  red  clover  (6),  or  alfalfa  (6). 

6.  Bromus  inermis  (16)  and  alfalfa  (6). 

7.  Bromus  inermis  (20).  {Bromus  inermis  cannot  be  recom- 
mended for  general  planting  in  southern  Kansas. ) 

8.  Meadow  fescue  (15),  orchard-grass  (15),  and  clover  (6),  or 
alfalfa  (6)  (southern  Kansas,  well  watered  lands). 

Western  Kansas 

No.  7  as  named  above. 
9.  Native  prairie  grasses. 

10.  Bromus  inermis  (14),  western  rye-grass  (8),  and  alfalfa  (6). 

11.  Bromus  inermis  (14)  and  tall  meadow  oat-grass  (12).  (Tall 
meadow  oat-grass  is  recommended  for  dry  climate  and  light  soil.) 
Bermuda  grass  is  not  considered  fully  hardy  in  Kansas,  but  it  is 
now  being  grown  successfully  in  a  small  way  in  the  southern 
counties  of  the  State.  It  is  recommended  for  further  trial,  es- 
pecially if  the  roots  for  propagation  are  secured  from  Kansas  fields. 


Advantage  in  Combinations  of  Grasses 

Combinations  of  grasses  and  perennial  legumes  are  usually  to 
be  preferred  to  any  single  grass,  both  for  pasture  and  for  hay. 
They  are  especially  desirable  for  pasture,  giving  more  continuous 
grazing,  a  greater  product,  greater  variety,  and  perhaps  a  better- 
balanced  food  ration.  In  choosing  grasses  for  pasture,  the  object 
should  be  to  select  such  varieties  that  the  deficiencies  of  one  variety 
may  be  balanced  by  the  good  qualities  of  another.  Another  object 
should  be  to  select  those  that  are  different  in  their  periods  of 
growth  and  in  their  dates  of  maturing,  so  that  by  lengthening  the 
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grazing  period,  continuous  grazing  may  result.  Combinations  of 
grasses  may  be  made  which  may  produce  a  more  perfect  sod  and 
a  more  permanent  pasture  than  is  possible  for  any  one  grass. 

To  illustrate,  take  a  combination  of  orchard-grass,  meadow 
fescue,  and  Bromus  inermis.  Orchard-grass  starts  very  early  in 
the  spring,  makes  a  rapid  growth,  and  matures  early  in  the  sum- 
mer. It  produces  little  during  the  dry  summer  months;  also,  it 
grows  in  bunches  and  does  not  form  a  perfect  sod.  Meadow  fescue, 
on  the  other  hand,  starts  late  in  the  spring,  makes  a  slow  growth 
in  the  early  part  of  the  season,  and  matures  several  weeks  later 
than  orchard-grass.  Meadow  fescue  renews  its  growth  in  the 
latter  part  of  the  season,  making  excellent  pasture  until  late  in  the 
fall.  Like  the  orchard-grass,  it  also  grows  in  tufts,  but  is  not 
quite  so  bunchy  in  its  manner  of  growing,  so  that  it  forms  a  much 
better  sod  when  combined  with  orchard -grass  than  does  orchard- 
grass  alone.  The  Bromus  inermis  is  quite  different  in  character 
from  either  of  the  other  grasses.  It  starts  very  early  in  the 
spring  and  usually  continues  to  grow  throughout  the  season. 
Being  a  vigorous,  deep- rooting  grass,  it  withstands  drouth  well, 
and  so  produces  pasture  during  the  dry  periods  when  orchard- 
grass  and  meadow  fescue  practically  cease  growing.  Bromus 
inermis  grows  until  late  in  the  fall,  also.  It  has  a  habit  of  spread- 
ing by  underground  root-sftalks,  and  thus  fills  up  the  spaces  left 
between  the  tufts  of  orchard-grass  and  meadow  fescue,  forming  a 
perfect  sod.  In  the  region  where  each  of  these  grasses  thrives, 
the  combination  of  the  three  should  make  a  better  pasture  than 
any  one  of  them  alone. 

As  a  rule,  a  little  clover  or  alfalfa  should  be  seeded  with  every 
combination  of  grasses,  whether  for  meadow  or  for  pasture.  The 
true  grasses,  so  far  as  science  has  discovered,  take  all  of  their 
plant-food  from  the  soil,  but  the  legumes,  such  as  clover  and 
alfalfa,  utilize  the  free  nitrogen  of  the  air,  aided  by  the  bacteria 
which  grow  on  their  roots.  Instead  of  exhausting  the  nitrogen  of 
the  soil,  the  legumes  tend  to  increase  the  supply,  and  act  as 
"feeders"  to  the  nitrogen-exhausting  grasses.  It  is  very 
important,  therefore,  that  every  pasture  or  meadow  should 
contain  some  perennial  legume,  because  the  presence  of  these 
nitrogen  gatherers  not  only  causes  a  greater  yield  of  the  other 
grasses,  but  also  makes  the  soil  more  fertile  for  the  growing  of 
the  other  crops.  It  should  be  noted  here  that  when  combinations 
of  grasses  are  seeded  for  meadow,  care  should  be  taken  that  only 
those  varieties  are  sown  together  which  mature  at  about  the  same 
date,  otherwise  it  will  not  be  possible  to  produce  the  largest 
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yield  of  hay  of  the  best  quality.  It  will  be  observed  that  exactly 
the  reverse  is  true  when  grasses  are  combined  for  the  purpose  of 
producing  pasture. 


Fig.  2.— a  combination  crop  of  Medium  Red  clover  and  Bromus  inermis,  June  23,  1904,  just 
before  cutilntf  lor  hay.    Seeded  in  the  spring  of  1903. 


Fig.  3. -Showing  plot  of  Bromus  inermis  seeded  with  alfalfa  on  the  right  and  Bromus 
inermis  seeded  alone  on  the  left.  These  plots  were  seeded  in  the  fall  of  1903.  Photo  taken 
June  7.  1908.  just  before  the  u  rass  was  cut  for  hay.  Observe  the  ranker  growth  of  the  combi- 
nation crop  and  the  lesser  growth  and  sod-bound  condition  of  the  grass  on  the  plot  seeded 
with  Bromus  inermis  alone. 
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Seeding  Grasses 

The  writer  desires  to  repeat  that  with  good  seed,  a  proper  seed- 
bed,  and  land  adapted  for  growing  alfalfa  or  grasses  adapted  to 
the  soil  and  climate,  a  careful  farmer  should  be  almost  as  sure  of 
a  successful  stand  of  grasses  as  the  average  farmer  is  of  securing 
a  successful  stand  of  wheat  or  oats.  Some  may  not  agree  with 
this  statement,  since  many  farmers  have  failed  to  get  a  good  stand 
of  grasses  in  a  like  experiment.  Such  failures  are  often  due 
either  to  poor  seed  or  carelessness  in  preparing  a  proper  seed-bed. 

Good  Seed 

In  ord^r  to  grow  any  crop  successfully,  it  is  necessary  to  plant 
good  seed,  and  this  is  especially  true  of  grasses,  clover,  and 
alfalfa.  Grass  seed  is  perhaps  more  apt  to  be  poor  in  qual- 
ity and  low  in  vitality  and  more  mixed  with  impurities  than 
the  seeds  of  any  other  crop.  It  seems  hardly  necessary  to  discuss 
this  point,  since  every  farmer  knows  that  he  must  sow  viable  seed 
if  he  would  get  a  '* catch  "  of  grass.  But  many  farmers  are  care- 
less; much  poor  seed  is  sold  and  sown;  and  costly  failures  result. 
Sometimes  it  is  not  possible  to  purchase  first-quality  seed  of  some 
kinds  of  grasses,  but  usually  reliable  seedsmen  sell  different  grades 
of  grass,  alfalfa,  or  clover  seeds,  making  a  lower  price  for  an 
inferior  grade. 

Two  samples  of  red  clover  seed,  one  purchased  at  $3.50  and  an- 
other at  $5.50  per  bushel,  contained,  respectively,  27.7  pounds  and 
55.8  pounds  of  germinative  seed  per  bushel.  The  actual  cost  for 
good  seed  was  $7.56  and  $5.88  per  bushel,  respectively.  The  seed 
offered  at  the  lower  price  was  really  much  the  costlier  seed.' 

In  order  to  save  a  few  dollars,  the  farmer  often  purchases  the 
poorer  quality  of  seed,  with  the  result  that  he  may  lose  money  not 
only  by  investing  in  poor  seed,  but  also  by  planting  seed  which 
will  be  a  complete  loss.  Do  not  sow  poor  alfalfa,  clover,  or  grass 
seed,  but  purchase  the  very  best  grade  which  the  seedsmen  have 
for  sale,  and  test  the  germination  of  the  seed  before  planting.  It 
is  usually  better  to  delay  sowing  a  year  rather  than  to  run  the 
risk  of  loss  by  sowing  an  inferior  grade  of  seed.  Several  states 
have  passed  laws  regulating  the  sale  of  seeds  and  requiring  a  spe- 
cific guarantee  of  purity  and  quality.  Until  such  a  law  is  en- 
acted in  this  State,  the  farmers  of  Kansas  must  carefully  inspect 
and  test  the  seed  as  suggested  above.     If  there  is  any  question  as 
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to  parity,  a  sample  may  be  sent  to  the  Department  of  Botany  of 
the  State  Experiment  Station  for  analysis,  and  a  report  secured 
without  charge. 

Germination  Test 

It  is  often  difftcult  to  judge  grass  seed  as  to  its  vitality.  Bright, 
clean,  heavy  seed,  as  a  rule,  may  be  safely  sown;  but  the  only  re- 
liable way  to  determine  its  vitality  is  to  test  its  germination.  This 
can  be  done  by  planting  the  seed  out  of  doors,  or  in  a  small  box  in- 
doors. If  the  seed  is  planted  indoors,  place  several  folds  of  wet 
paper  in  the  bottom  of  the  box,  sprinkle  the  seed  over  it,  and  cover 
it  with  several  folds  of  wet  paper.  Close  the  box  and  set  it  in  a 
moderately  warm  place.  Examine  the  seed  at  intervals  of  about 
three  days,  and  re-moisten  the  paper  if  necessary.  At  the  end  of 
seven  to  fourteen  days,  the  viable  seeds  will  have  germinated,  and 
the  percentage  of  germination  may  be  calculated. 

A  large  percentage  of  germination  during  the  first  five  to  seven 
days  indicates  a  strong,  vigorous  seed ;  while  a  slow,  weak  germi- 
nation indicates  seed  low  in  vitality,  which  may  not  germinate 
when  planted,  except  under  the  most  favorable  soil  conditions.  A 
low  percentage  of  germination,  but  fairly  quick  and  strong  ger- 
mination, indicates  a  mixture  of  good  and  poor  seed;  and  such 
seed  may  be  sown,  but  more  seed  will  be  required  per  acre  to  in- 
sure a  stand. 

Adulterants  and  Weed  Seed 

Grass  seed,  alfalfa  seed,  and  clover  seed  should  be  carefully  ex- 
amined for  impurities,  and  if  weed  seeds  are  present,  they  should 
be  removed  before  seeding.  Cheat  or  chess,  well  known  as  a  com- 
mon grass  or  weed  which  grows  in  wheat  fields,  is  a  common 
adulterant  of  meadow  fescue  and  Bromus  inermis.  The  seed  of 
cheat  is  larger  than  meadow  fescue  seed  and  smaller  than  Brimius 
inermis  seed,  but  heavier  than  either.  It  usually  has  short  beards 
or  awns  at  the  tip  of  the  seed.  Clover  and  alfalfa  seed  often  con- 
tain dodder,  which  is  usually  smaller  than  clover  or  alfalfa  seed 
and  may  often  be  removed  by  a  twenty-mesh  sieve.  On  account 
of  the  danger  of  dodder  infection,  however,  it  is  usually  safest  to 
reject  such  seed.  Other  noxious  weed  seeds  common  in  clover  are 
the  narrow-leafed,  or  "Buckhorn,"  plantain,  and  the  curled,  or 
sour,  dock.  Buckhorn  seed  is  boat-shaped,  and  light  brown  in 
color,  while  dock  seed  is  triangular  in  shape  and  reddish  brown  in 
color.    Both  have  a  smooth,  shiny  surface. 
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Timothy  seed  is  usually  pure,  but  old  seed  may  often  be  mixed 
with  new  seed.  Orchard-grass  seed  is  sometimes  badly  adulter- 
ated with  meadow  fescue  seed,  which  is  a  cheaper  seed.  Ken- 
tucky blue-grass  seed  is  often  very  weak  in  vitality,  due,  in  part, 
to  improper  methods  of  harvesting  and  storing.  It  is  usually 
pure,  but  may  be  mixed  with  seed  of  Canadian  blue-grass,  a  simi- 
lar grass,  but  much  less  valuable  than  Kentucky  blue-grass.  The 
extent  to  which  the  seeds  of  these  grasses  are  mixed  can  be 
determined  only  by  an  expert.* 

Time  of  Seeding; 

Grasses  and  alfalfa  may  be  seeded  either  in  the  spring  or  in  the 
early  fall.  Clover  should  be  seeded  only  in  the  spring  or  in  the 
early  summer,  as  fall-seeded  clover  is  very  apt  to  winter-kill. 
As  a  general  rule, .  spring  seeding  for  both  grass  and  clover  is 
the  safer,  although  fall  seeding  has  its  advantages.  If  foul  land 
is  seeded  in  the  spring,  the  weeds  are  apt  to  grow  in  such  abun- 
dance as  to  smother  out  the  young  grass.  If  such  land  is  sown  in 
the  fall,  the  weeds  may  do  little  injury,  merely  serving  as  a  cover 
during  the  winter.  If  the  grass  makes  a  good  stand,  the  crop 
readily  outgrows  the  weeds  the  next  spring.  Again,  by  spring 
seeding,  practically  a  season  is  lost,  no  crop  being  produced  by  the 
land.  If  a  successful  *'catch"  is  secured  in  the  fall,  a  good  crop 
of  hay  may  be  harvested  the  succeeding  year.  As  a  rule,  fall 
seeding  of  grasses  can  not  be  recommended  for  western  Kansas, 
on  account  of  the  prevailing  dry  winters  and  windy  springs. 

Spring  seeding  is  preferable  to  fall  seeding,  as  it  offers  more 
favorable  conditions  for  starting  the  young  plants.  Sow  all  grass 
and  clover  seed  as  early  in  the  spring  as  the  ground  can  be  put  in 
good  condition.  The  common  grasses  are  usually  not  injured  by 
frost,  so  that  the  earlier  the  seed  is  sown,  the  more  likely  the 
grass  is  to  start  and  to  make  a  good  stand.  In  the  early  seeding 
of  clover  and  alfalfa,  there  is  some  danger  of  destruction  by  frost, 
but,  as  a  rule,  the  writer  prefers  to  take  this  chance,  rather  than 
that  of  destruction  by  hard  rains,  or  by  dry  or  hot  weather,  to 
which  later  seeding  is  liable.  An  exception  to  this  general  state- 
ment may  be  made  for  western  Kansas  and  for  certain  soils  or 
localities,  where  later  seeding  may  be  preferred  after  the  rains 
come,  or  when  danger  of  soil  blowing  is  past.  In  fact,  a  good 
general  rule  to  follow  in  the  seeding  of  grasses  or  alfalfa,  either  in 
the  fall  or  in  the  spring,  is,  to  prepare  the  seed-bed  early  and  sow 

'  For  further  infonnation  on  impurities  and  adulterants  Id  grass  seeds,  see  Bulletins  133 
and  141  of  this  Station. 
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only  when  the  soil  is  in  a  favorable  condition  to  germinate  the  seed. 
Seeding  in  dry  soil,  or  in  a  poorly  prepared  seed-bed,  is  very  apt 
to  result  in  failure. 

Factors  Which  Determine  Seed  Germination  and  Plant 

Growth 

With  viable  seed  planted  in  the  soil,  a  few  simple  factors  largely 
determine  the  strength  of  germination,  the  stand,  and  the  yield  of 
the  crop.  These  factors  are  moisture^  heat^  and  air.  Every  farmer 
knows  that  a  seed  will  not  germinate  while  it  is  dry.  No  matter 
how  favorable  other  conditions  may  be,  before  the  processes  are 
begun  which  produce  growth,  the  seed  must  absorb  moisture. 
Also,  every  seed  requires  a  favorable  degree  of  heat  before  it  will 
germinate,  and  the  presence  of  air  is  necessary  in  order  to  supply 
the  life-giving  oxygen.  A  s6ed  placed  in  a  vacuum  vrith  proper 
heat  and  moisture  will  not  germinate.  The  same  results  often 
occur  when  seeds  are  planted  in  a  very  wet  or  water-logged 
soil,  because  such  soil  largely  excludes  the  air  from  the  seed. 

Understanding  the  necessary  conditions  to  germinate  seed,  the 
farmer  may  prepare  a  suitable  seed-bed  almost  any  season. 
Although  the  methods  to  be  employed  for  securing  an  ideal  seed- 
bed may  vary  with  different  farmers  in  different  localities,  soils, 
and  climates,  and  no  exact  rules  will  apply  to  all  conditions,  yet 
such  a  seed-bed  may  be  readily  described. 

The  Seed-Bed 

Next  to  good  seed,  the  seed-bed  is  the  most  important  factor  in 
establishing  a  good  stand  of  grasses.  We  have  learned  that  an 
ideal  seed-bed  must  be  warm  and  moist,  and  must  have  the  pres- 
ence of  free  air  in  the  soil  to  supply  oxygen  to  the  germinating 
seed  and  to  the  roots  of  the  growing  plants.  It  is  evident,  also, 
that  productive  soils  supply  the  necessary  amounts  of  plant-food 
elements,  other  than  water,  which  give  a  balanced  food  ration  to 
the  plant.  All  fertile  soils  contain  a  sufficient  supply  of  the 
plant-foods — nitrogen,  potassium,  and  phosphorus — but  the  com- 
pounds in  which  these  elements  exist  are  usually  in  an  insoluble 
condition  in  the  soil — a  provision  which  nature  makes  to  prevent 
the  wasting  of  plant-food  elements  and  to  make  possible  the  fer- 
tility and  productiveness  of  the  soil  for  ages. 

The  plant-food  of  the  soil  is  gradually  made  available  by  the 
action  of  weathering  agents,  which  decompose  and  disintegrate 
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the  rock  fragments,  and  by  the  action  of  the  soil  bacteria,  which 
assist  in  the  processes  of  decay.    Chemical  changes  thus  take 
place  by  which  much  of  the  insoluble  and  unavailable  plant-food 
of  the  soil  is  gradually  changed  ii 
this  condition,  the  plant-foods  becom< 
plant.     This  change  of  the  plant-fo 
the  same  conditions  which  are  esse 
seeds  and  the  growth  of  plants;  vi 
moist,  and  well  aerated. 

An  ideal  seed-bed  for  grasses  shou 
The  soil  should  be  mellow,  but  finely 
as  the  seed  is  sown.  Below  the  seed 
not  too  hard  and  compact,  making  go 
subsoil.  This  offers  the  most  f avorafc 
tion  of  the  seed  and  for  the  growtl 
The  firm  soil  below  the  seed  allows 
drawn  up  to  the  seed,  while  the  mellc 
to  keep  the  moisture  from  escaping, 

to  penetrate  to  the  seed.  Again,  the  mulch  of  mellow  soil  over 
the  seed  not  only  conserves  the  soil  moisture,  but  at  the  same  time 
gives  the  most  favorable  conditions  for  the  delicate  little  plant  to 
push  upward  into  the  air  and  sunshine,  while  the  firm  sub-surface 
soil  gives  the  proper  root-hold. 

With  a  deep,  loose  seed-bed,  the  conditions  for  seed  germination 
are  less  favorable  than  in  the  "ideal"  seed-bed  described.  The 
loose  soil  may  be  warm  enough  and  well  aerated — perhaps  too  well 
aerated,  causing  the  soil  to  dry  out.  With  the  deeply  loosened 
seed-bed,  the  moisture  in  the  subsoil  is  not  available  for  tlie  use  of 
the  germinating  seeds,  because  the  rise  of  the  capillary  water  is 
checked  at  the  bottom  of  the  loosened  soil.  Such  a  seed-bed  is 
almost  wholly  dependent  upon  rain  for  sufficient  moisture  to 
germinate  the  seed  and  to'start  the  young  plants.  In  such  a  seed- 
bed, the  crop  is  not  only  apt  to  "burn  out"  in  summer,  but  it  is 
also  more  apt  to  "freeze  out"  in  the  winter  than  is  a  crop  grown 
in  the  "ideal"  seed-bed. 

Preparing  the  Seed-bed 

It  is  unwise  to  seed  grass  of  any  kind  upon  weedy  land. 
Preferably,  grasses  should  follow  inter-tilled  crops  which  have 
been  kept  well  cultivated  and  clear  of  weeds,  or  they  may  be  seeded 
upon  summer-fallowed  land  which  has  been  cultivated  for  the 
whole,  or  for  a  part  of  the  season,  so  as  to  sprout  and  to  destroy  the 
weed  seed  in  the  surface  of  the  soil.    Land  from  which  wheat. 
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Fio.  4.— Soil  Id  bad  physical  condltloD  for  a  seed-bed.  This  flel4  was  plowed  late  in  the 
sprlnc.  when  the  ground  was  hard  and  dry.  The  deld  has  been  disced  and  harrowed  with  little 
effect.  It  will  be  impossible  to  put  this  seed-bed  into  srood  condition  until  after  the  lumps 
have  been  softened  by  rain.    Photo  taken  May  7, 1909.  Field  R..  Experiment  Station  farm. 


Fio.  6.— a  well-prepared  seed-bed.  This  field  was  plowed  early  in  the  sprinc  and  well  oul- 
tlTSted  with  the  harrow  and  Acme  harrow.  Observe  the  well-settled  and  well-pulverised 
condition  of  the  soil  and  good  union  between  the  furrow  slice  and  the  subsoil.  Photo  taken 
M»7  7. 1900.  Field  T.  Experiment  Station  farm. 
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barley,  or  oats  has  been  cut,  if  plowed  immediately  after  harvest, 
may  make  a  good  seed-bed  for  grass  seed,  if  the  soil  is  kept  well 
cultivated  with  a  harrow  or  Acme  harrow  until  the  weeds  have 
been  thoroughly  killed  and  the  sub-surface  soil  has  become  moist 
and  well  settled. 

In  seeding  grasses  following  cultivated  crops  which  have  been 
kept  free  from  weeds,  it  is  best  not  to  plow  in  preparing  the  seed- 
bed. The  weeds  have  been  killed  in  the  surface  of  the  soil,  but  if 
the  land  be  plowed,  the  deeper  soil  which  is  brought  to  the  sur- 


FiG.  6.~Sample8  of  soil  taken  from  Fields  T  and  R.  described  in  Figures  4  and  5.  Sample 
from  Field  T  on  the  left,  showing  good  texture;  sample  from  Field  R  on  the  risrht.  showing 
cloddy  character  of  seed-bed.  Samples  taken  to  the  depth  of  furrow  slice,  about  5  or  6  inches. 

face  will  be  likely  to  abound  in  weed  seeds,  unless  previous  care- 
ful cultivation  has  cleared  this  lower  soil  of  weed  seeds.  Such 
land  well  disked  and  finely  harrowed  will  give  a  better  seed-bed 
than  can  be  secured  by  plowing. 

Deep  plowing  should  never  immediately  precede  the  sowing  of 
grasses.  If  the  soil  needs  deep  loosening  it  is  well  to  plow  a  year 
or  so  previous  to  the  seeding,  because  it  is  essential  that  the 
ground  be  well  settled,  and  that  good  capillary  connection  be 
established  between  the  furrow-slice  and  the  sub-soil  in  order  to 
insure  the  proper  germination  of  the  seed  and  the  vigorous  growth 
of  the  young  grass  plants. 

When  a  seed-bed  for  grasses  is  prepared  by  plowing,  the  land 
should  be  plowed  several  weeks  or  months  before  seeding  time 
and  should  be  cultivated  at  intervals  to  clear  it  of  weeds,  to  con- 
serve the  soil  moisture,  and  to  put  the  soil  in  the  best  possible 
condition.  The  seed-bed  should  be  finished  with  a  level,  mellow 
sui;face,  but  with  a  rather  compact  sub-surface,  in  order  that  the 
seed  may  be  evenly  covered  and  brpught  into  cloSe  cohtact  with 
the  moist  soil.  If  it  is  necessary  to  plow  shortly  before  seeding, 
the  ground  should  be  made  firm  by  the  use  of  a  subsurface  packer, 
or  a  heavy,  pulverizing  roller.    The  disc-harrow  may  be  made  to 
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do  the  work  of  the  sub-surface  packer  in  part  by  setting  the  discs 
rather  straight  and  by  weighting  the  harrow.  The  packing  and 
pulverizing  of  the  furrow-slice  is  especially  necessary  when  the 
soil  is  plowed  dry  or  when  stubble,  trash,  or  manure  are  plowed 
under.  If  the  furrow-slice  is  left  loose  and  unpulverized,  the 
capillary  connection  of  the  soil  with  the  sub-soil  is  largely  broken, 
and  the  soil  water  will  not  rise  into  the  surface  soil  to  supply  the 
germinating  seed  and  to  feed  the  roots  of  the  young  plants.  As  a 
result,  the  seed  fails  to  germinate  well  or  the  plant  is  often  stunted 
in  growth.  In  such  a  seed-bed  the  crop  is  apt  to  "freeze  out"  or 
to  ''burnout." 

It  is  not  best  to  plow  under  coarse  manure  or  a  heavy  growth 
of  weeds  or  stubble  in  preparing  a  seed-bed  for  grasses.  If  the 
soil  is  in  good  physical  condition,  a  good  seed-bed  may  be  prepared 
by  plowing  immediately  before  seeding,  provided  the  soil  is  re- 
packed and  well  pulverized  as  described  above;  but  this  is  often  a 
more  expensive  method  than  the  discing  or  early  plowing  methods. 
It  is  often  a  good  plan  to  disc  the  ground  previous  to  plowing.  If 
plowed  immediately  after  discing,  the  loosened  surface  is  in  better 
condition  to  reunite  readily  with  the  subsoil  when  the  furrow-slice 
is  inverted.  If  the  plowing  is  delayed,  the  ground  should  remain 
in  good  condition  for  plowing  for  a  longer  period  during  dry 
weather  than  land  which  has  received  no  cultivation.  Also,  the 
disced  surface  receives  and  retains  moisture.  Hence,  it  may  often 
be  advisable  to  practice  early  discing  of  large  areas  when  early 
plowing  cannot  be  accomplished. 

Seeding; 

Always  have  the  seed-bed  fully  prepared  before  sowing  the 
grass  so  that  little  work  will  have  to  be  done  on  the  ground  after 
seeding.  If  the  seed  is  sown  broadcast,  one  light  harrowing  after 
seeding  is  usually  sufficient  to  cover  the  seed  properly,  and  is 
preferable  to  several  harrowings  or  to  any  deep  working  of  the 
soil  after  seeding.  The  harrowing  should  follow  the  seeding  at 
once  because,  under  favorable  conditions,  grass  seed  germinates  . 
very  quickly,  and  a  harrowing  after  germination  has  begun  is  apt 
to  destroy  many  seeds. 

Those  who  are  practiced  in  this  art  seed  successfully  almost 
any  grass  by  hand.  When  combinations  of  grasses  are  seeded,  a 
much  more  even  distribution  of  seed  may  be  secured  by  the  use  of 
a  wheelbarrow  seeder,  several  makes  of  which  are  sold  on  the 
market.     Many  kinds  of  grass  seeds  may  be  properly  sovni  by 


Digitized  by  VjOOQIC 


314  Grasses  [Boll.  175 

means  of  the  grass-seeder  attachments  which  are  usually  provided 
on  grain  drills  and  seeders.  The  revolving  broadcast-sower  is 
also  quite  extensively  employed.  Often  the  ordinary  griun  drill  is 
used  in  the  seeding  of  meadow  fescue  and  may  be  used  also  for 
seeding  other  grasses,  clover,  and  alfalfa. 

At  this  Station,  we  usually  have  good  success  with  the  broad- 
cast method  of  seeding  grasses  and  alfalfa,  using  the  little  wheel- 
barrow seeder.  Grass  seed  sown  early  in  the  spring  will  often 
start  best  when  it  is  barely  covered  with  soil.  When  seeded  with 
the  drill,  grass  seed  or  clover  seed  should  not  usually  be  covered 
with  more  than  one  inch  of  mellow  soil;  and  if  the  soil  is  pressed 
over  the  seed,  a  covering  of  one  half  inch  should  be  sufficient 
Grass  or  alfalfa  seed  may  be  drilled  a  little  deeper  in  the  faU, 
especially  if  the  seed-bed  is  rather  loose  or  dry  at  the  surface. 

Amount  of  Seed  to  Sow 

The  amount  of  seed  to  sow  per  acre  varies  with  the  different 
grasses  and  with  the  purpose  for  which  the  crop  is  to  be  used, 
whether  to  produce  seed,  pasture,  or  hay.  For  the  production  of 
seed,  it  is  desirable  to  have  strong,  fully-developed  plants ;  hence 
a  smaller  quantity  of  seed  should  be  sown  than  would  ordinarily 
be  sown  if  the  purpose  were  to  produce  a  meadow.  If  the  pur- 
pose is  to  produce  a  pasture  for  immediate  use,  a  larger  amount 
of  seed  is  required  than  for  the  production  of  a  meadow.  For 
seed  production,  some  recommend  that  as  little  as  twelve  to  fif- 
teen pounds  of  meadow  fescue  per  acre  be  sown.  The  usual 
amount  recommended  for  seeding  is  twenty-five  pounds  an  acre. 
Combinations  of  grasses  should  not  be  sown  if  the  purpose  is  seed 
production,  as  it  is  usually  not  easy  to  separate  grass  seeds,  even 
if  the  two  or  more  varieties  that  are  planted  together  should  ma- 
ture and  ripen  at  the  same  time. 

A  good  old  Scotch  neighbor  and  relative  who  resided  near  my 
boyhood  home  in  Wisconsin,  when  asked  how  much  clover  seed  to 
sow  for  a  good  stand,  answered,  **  Weel,  in  a  gude  season  a  very 
leetle  vnll  do,  and  in  a  bad  season  it  don't  make  much  difference." 
But  it  is  the  judgment  and  experience  of  the  writer  that,  by  sow- 
ing an  average  amount  of  good  seed  at  the  right  time,  in  a  properly 
prepared  seed-bed,  it  is  possible  to  secure  a  successful  stand  of 
alfalfa,  clover,  or  almost  any  other  kind  of  common  domestic 
grass,  even  in  a  season  unfavorable  to  these  crops. 

The  following  amounts  of  seed  of  the  several  common  grasses 
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that  may  be  grown  in  this  State  are  recommended  for  seeding 
when  the  purpose  is  the  production  of  a  meadow. 

Table  m.— GiTioff  the  Weight  per  Bushel  and  the  Amount  of  Seed  to  Sow. 


Vabiett  or  Gbasb. 


Timothy 

Kentucky  blue-ffntss 

Orchard-ffrass 

Meadow  fescue 

Red  top 

Bromus  inermit 

Tall  meadow  oat-grass 

Johnson  grass 

Western  rye-«rrass 

Perennial  ryesrrass 

Italian  rye-grass 

Common  red  clover 

Bfammoth  red  clover 

Alsike  clover. 

Alfalfa 

Bokhara,  or  sweet  clover 


Weight  per 
bushel- 

Amt.  dean 
seed  to  sow 

pounds. 

per  acre- 
pounds. 

45 

IS 

14 

S4 

14 

3S 

f4 

84 

14 

16 

14 

18 

14 

84 

25 

85 

fO 

15 

fO 

80 

80 

80 

60 

18 

60 

18 

60 

10 

60 

15 

60 

80 

When  two  or  more  varieties  are  seeded  together,  it  is  usual  to 
seed  at  a  slightly  increased  rate  per  acre.  The  amount  of  legume 
seed  sown  should  be  greater  in  proportion  to  that  of  the  grasses. 
Thus  in  the  following  combination,  these  amounts  may  be  sown : 
Orchard-grass,  twelve  pounds;  meadow  fescue,  ten  pounds; 
Bromus  inermis,  eight  pounds;  and  red  clover,  six  pounds  an  acre 
respectively.  In  such  a  combination,  the  clover  is  really  an  extra, 
since  it  dies  out  in  two  or  three  years,  and  its  place  must  be  taken 
by  the  grasses,  if  a  good  stand  is  to  be  maintained  for  several 
years.  When  combinations  of  grasses  are  seeded,  it  is  usually 
advisable  not  to  mix  the  seeds  of  different  weight  and  size,  but  to 
sow  each  kind  separately. 

Nurse-Crop 

In  the  above  discussion,  no  reference  has  been  made  to  the  use 
of  nurse-crops  in  seeding  grasses.  In  the  middle  and  eastern 
states,  and  even  in  eastern  Kansas,  it  has  been  the  practice  to  sow 
certain  grasses  and  clover  with  different  kinds  of  grain  as  nurse- 
crops.  This  may  be  a  practical  method  in  regions  of  plentiful 
rainfall,  but  generally  throughout  Kansas  the  surer  method  is  to 
seed  alone,  or  vnthout  a  nurse-crop,  not  only  alfalfa  but  also  clover 
and  the  common  grasses  adapted  for  growing  in  this  State.  If  a 
norse-crop  is  used,  the  grain  should  be  sovni  thinner  than  usual, 
thus  reducing  the  risk  of  smothering  the  young  grass  or  clover 
with  a  thick  grovTth  of  grain. 

It  is  often  desirable,  should  drought  prevail  or  should  the  grain 
lodge  badly»  to  cut  the  nurse-crop  as  early  as  possible  for  hay, 
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rather  than  to  let  the  grain  mature  and  to  run  the  risk  of  losing 
the  new  seeding.  Of  all  the  domestic  grasses,  perhaps  timothy 
may  most  safely  be  seeded  with  a  nurse-crop,  either  in  the  fall 
with  wheat  or  rye,  or  in  the  spring  with  winter- wheat,  oats,  or 
barley.  A  good  "catch"  of  clover  may  often  be  secured  from 
early  spring  seeding  of  winter- wheat  or  from  a  thin  seeding  of 
oats. 

Often  a  good  '* catch*'  of  clover  or  grass,  which  has  been  se- 
cured with  a  nurse-crop,  has  been  killed  at  harvest  time.  This 
may  be  due  to  the  sudden  exposure  of  the  tender,  young  plants  to 
the  hot,  bright  sunshine.  However,  it  is  often  possible  to  select 
a  time  for  cutting  the  nurse-crop  when  the  weather  is  more  or 
less  cloudy  and  the  soil  moist.  Some  mow  the  grain  stubble,  and 
young  grass  or  clover,  close  to  the  ground  immediately  after 
harvest,  claiming  that  the  young  grass  or  clover  is  injured  by  ex- 
cessive heat  due  to  the  reflection  of  the  sun's  rays  from  the  straw 
or  stubble.  If  the  mower  follows  the  harvester,  the  young  plants 
are  protected  by  the  covering  of  stubble  and  weeds;  also  the  dry- 
ing of  the  soil  is  prevented  to  some  extent  by  this  mulch.  The 
writer  has  not  performed  experiments  to  test  this  point. 

Treatment  After  Seeding 

After  seeding,  little  more  can  be  done  for  the  new  crop  the  first 
season  than  to  mow  the  weeds  two  or  three  times  to  keep  them 
from  smothering  out  the  young  grass  plants.  It  is  best,  espe- 
cially in  the  early  part  of  the  season,  not  to  mow  the  weeds  very 
closely;  raise  the  sickle-bar  from  four  to  six  inches  high  and  cut 
the  weeds,  but  leave  the  larger  part  of  the  foliage  of  the  grass 
uncut.  If  the  young  clover,  grass,  or  alfalfa  plants  are  cut  back 
closely  in  the  early  part  of  their  growth,  before  they  have  become 
well  rooted,  many  of  the  young  plants  may  be  injured  or  destroyed. 


Making  Hay' 

It  is  important  to  know  what  grasses  are  best  adapted  to  grow 
in  a  certain  locality,  and  to  understand  the  best  method  of  seeding 
such  crops.  Also,  the  hay  should  be  harvested  and  saved  in  such 
a  manner  as  to  secure  the  largest  amount  and  the  best  quality  of 
the  product.  The  writer  would  especially  urge  the  importance  of 
quality  in  hay.    Good  quality,  as  indicated  by  the  bright  green 

'For  makiDff  alfalfa  hay.  see  bulletin  No.  155  of  this  Station. 
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color  of  well-preserved  hay,  will  readily  add  a  dollar  or  two  per  ton 
to  the  selling  price. 

Cutting  the  Hay 

The  common  hay  grasses  and  legumes  differ  somewhat  in  the 
stage  of  maturity  at  which  each  should  be  cut  to  make  the  best 
quality  of  hay,  and  farmers  and  feeders  are  learning  that  this  dif- 
ference in  quality  means  not  only  a  difference  in  market  value  but 
also  a  difference  in  feeding  value.  The  stage  of  maturity  at  which 
grass  should  be  harvested,  in  order  to  make  hay  of  the  best  quality, 
varies  somewhat  with  the  different  grasses  and  the  use  to  which 
the  hay  is  put.  A  safe  rule  applicable  to  all  common  grasses  is  to 
cut  the  grass  just  as  it  is  beginning  to  bloom  or  just  after  the 
bloom  has  fallen.  For  cattle  and  sheep,  hay  from  the  early  cutting 
is  best,  but  for  horses  the  later  cutting  is  preferable.  When  cut 
in  the  early  stage,  grass  is  sure  to  make  good,  clean  hay  of  prime 
quality,  if  the  hay  is  cured  well.  Often  a  larger  weight  may  be 
secured  by  cutting  the  grass  after  it  becomes  more  mature,  but 
the  quality  of  the  hay  is  not  apt  to  be  so  good.  If  grass  is  cut 
when  in  full  bloom  the  hay  is  sure  to  be  more  or  less  dusty.  The 
over-mature  hay  is  less  palatable  to  stock  and  its  feeding  value  per 
hundred  pounds  is  usually  less  than  the  value  of  that  cut  at  an 
early  stage  of  maturity. 

CLOVER 

To  make  from  clover  the  most  palatable  hay  of  the  highest  feed- 
ing value,  clover  should  be  cut  just  when  it  is  in  full  bloom,  with  a 
few  of  the  blossoms  turning  brown.  If  it  is  cut  before  this  stage, 
the  hay  will  be  lighter  and  more  ** washy,"  especially  if  fed  to 
horses;  while  if  the  crop  is  left  until  the  clover  is  mature,  many 
of  the  leaves  will  be  shattered  or  lost  in  harvesting.  This  will  be 
a  great  loss,  for  the  leaves  are  the  most  nutritious  part  of  the  clo- 
ver, as  they  contain  nearly  two  thirds  of  the  protein  in  the  plant. 

TIMOTHY 

To  make  the  most  palatable  hay,  timothy  should  be  cut  just  as 
it  is  coming  into  bloom.  When  timothy  is  grown  in  combination 
with  common  red  clover,  it  is  necessary  to  cut  the  crop  early  in 
order  to  secure  the  clover  before  it  has  become  too  ripe  to  make 
good  hay.  The  hay  cut  at  this  stage  is  best  for  feeding  cattle  and 
sheep.  Timothy  should  not  be  allowed  to  stand  until  in  full  bloom, 
since,  if  cut  at  this  stage,  the  hay  will  be  dusty  and  especially  ob- 
jectionable for  feeding  horses. 

To  make  the  best  hay  for  horses|  timothy  should  be  cut  at  the 
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Fio.  7.— Variety  plot  of  Medium  Red  clover  in  full  bloom,  ready  to  cut.    Photo  taken  June 
23, 1904.    Clover  seeded  in  the  spring  of  1908. 


Fig.  8.— Mowing  the  Timothy  plot.  July  7. 1909.    This  Timothy  was  seeded  in  the  spriac  of 
1908. 

stage  called  ** second  bloom,"  which  is  really  just  when  the  grass 
has  about  ceased  blooming  and  most  of  the  blossoms  have  fallen. 
When  timothy  is  cut  at  this  stage,  the  greatest  weight  of  hay  is 
secured,  and  probably  the  greatest  amount  of  nutrients,  but  tiie 
hay  is  more  woody  and  less  palatable  than  timothy  cut  earlier. 
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The  maturer  hay,  however,  is  relished  by  horses,  and  horsemen 
consider  it  superior  to  the  less  mature  hay  because  less  *  Vashy.'' 

OTHER  GRASSES 

Orchard-grass,  western  rye-grass,  perennial  ryegrass,  English 
blue-grass,  and  Johnson  grass  quickly  lose  in  palatability  when 
nearing  maturity,  and  should  be  cut  for  hay  before  the  blooming 
stage.  Other  grasses,  such  as  Bromus  inermis,  redtop,  and  tall 
oat-grass,  retain  their  good  qualities  longer  and  make  good  hay  if 
cut  when  in  full  bloom  or  after  the  blossoming  stage.  The  annual 
cereal  grains,  such  as  barley,  oats,  and  emmer,  sowed  sorghum, 
and  Kafir,  make  the  best  hay  if  cut  when  the  grain  is  in  the  milk 
or  at  the  soft-dough  stage. 

MILLET 

It  is  best  to  cut  millet  for  hay  as  soon  as  it  is  fully  headed,  be- 
fore the  bloom  forms.  Cut  at  this  stage,  the  hay  is  certainly  less 
woody  and  more  palatable  than  is  the  hay  made  from  the  more 
mature  millet.  The  poisonous  principle  in  millet  which  causes  it 
to  be  injurious  to  stock,  especially  to  horses,  does  not  seem  to  de- 
pend upon  the  condition  of  the  millet  with  regard  to  its  maturity 
and  the  time  of  cutting.  While  the  less  mature  millet  is  better 
relished,  it  may  seem  to  give  injurious  results  more  quickly. 

ANNUAL  LEGUMES 

Cow-peas  should  be  cut  for  hay  when  the  first  pods  are  be- 
ginning to  turn  yellow.  Soy-beans  must  not  be  left  so  long,  but 
are  ready  to  cut  for  hay  as  soon  as  the  pods  are  well  filled.  If 
they  are  left  until  too  mature,  the  leaves  drop  or  shatter  in 
harvesting,  thus  decreasing  the  palatability  and  the  feeding  value 
of  the  hay.  Field  peas  and  vetches  make  hay  of  good  quality  if 
cut  when  the  pods  are  almost  fully  formed  and  some  of  the  seed 
is  beginning  to  ripen. 

Curing  the  Hay 

EFFECT  OF  SUN  AND  WIND 

The  most  important  factor  in  making  good  hay  is  favorable 
weather.  Hay  exposed  to  excessive  rains  is  greatly  injured  in 
quality  and  in  feeding  value.  This  is  especially  true  of  hay  from 
leguminous  plants,  such  as  clover  and  alfalfa.  Every  farmer 
knows  that  hay  is  injured  by  rain  and  dew,  which  cause  it  to 
bleach  and  to  mould,  and  which  take  from  it  the  natural  aroma 
and  palatability  essential  in  hay  of  good  quality.    Not  all  are 
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aware,  however,  that  hay  which  is  cured  too  much  in  the  sun  not 
only  bleaches  and  loses  leaves  by  becoming  too  dry  but  also  be- 
comes lighter  in  weight  and  less  palatable. 

When  one  cures  hay  of  any  kind,  he  should  aim  to  exx)ose  it  to 
the  sun  no  more  than  is  absolutely  necessary.  The  best  hay  is 
therefore  made  by  curing  it  largely  in  cocks  rather  than  by  leav- 
ing it  spread  over  the  ground  in  the  swath  or  windrow.  Hay  in 
the  swath  and  windrow  is  also  more  exposed  to  injury  by  rain  and 
dew  than  is  hay  in  the  cock.  Rain  not  only  bleaches  hay,  thus 
lowering  its  market  value,  but  the  feeding  value  of  the  hay  may 


Fio.  9.— Ouring  alfalfa  bay  in  the  bunch.  Part  of  a  sixty-acre  field  on  the  Experiment 
Station  farm.    Second  cutting.    July  2.  1909. 

also  be  very  much  decreased.  Recent  experiments  have  shown 
that  when  partially  cured  hay  is  exposed  to  heavy  rain,  a  large 
percentage  of  the  soluble  substances,  including  a  large  part  of  the 
proteins,  phosphoric  acid,  potash,  and  lime,  was  removed.* 

BUNCHING  AND  COCKING 

Hay  cures  more  evenly  in  the  cock  than  in  the  swath  or  the  wind- 
row. If  left  too  long  in  the  swath,  the  leaves  become  thoroughly 
dry,  while  the  stems  still  retain  a  large  amount  of  moisture.  Such 
hay  will  not  cure  fully  and  evenly  and  is  often  put  into  the  stack  in 
a  partly  cured  condition.  If  hay  is  raked  before  the  leaves  are 
dry  and  placed  in  cocks,  the  leaves  continue  to  draw  moisture  out 
of  the  stems,  thus  allowing  the  hay  to  cure  evenly. 

'Paper  read  at  the  annual  meeting  of  the  Great  Plains  CoOperatire  Experiment  Assoei*- 
tlon.  August  27. 1908.  by  J.  P.  Braezeak,  of  the  United  States  Department  of  Agriculture. 
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Clover  or  alfalfa  hay  well  cured  in  the  cock  in  this  way  will  keep 
perfectly  in  the  stack  or  in  the  mow.  When  cured  in  the  swath 
and  windrow,  the  hay  is  often  stacked  in  such  condition  that  it  may 
burn  or  spoil  in  the  stack.  Also,  the  greater  breaking  of  the 
leaves  which  must  take  place  in  curing  alfalfa  or  clover  in  the 
swath  and  windrow,  makes  the  hay  less  palatable  to  stock,  and  less 
nutritious,  than  hay  which  has  been  properly  cured. 

WINDROW  CURING 

A  large  part  of  the  hay  made  in  the  United  States,  however,  is 
cured  in  the  swath  and  windrow,  or  in  shocks  made  by  bunching 
the  hay  with  the  horse- rake.  When  a  farmer  has  a  large  amount 
of  hay  to  put  up  and  little  help  with  which  to  handle  it,  he  is  com- 
pelled to  do  the  work  in  the  most  rapid  and  economical  way.  Put- 
ting up  the  hay  directly  from  the  windrow  is  not  only  a  saving  of 
labor,  but  it  enables  the  hay-maker  to  do  the  work  rapidly  so  that 
the  danger  of  loss  by  exposure  to  the  weather  is  lessened. 

In  the  Central  States  it  is  common  to  cure  timothy  and  clover 
hay  in  the  swath  and  windrow,  and  to  put  it  on  the  wagon  by 
means  of  the  hay-loader,  which  makes  the  work  more  rapid  and 
does  away  with  the  hard  labor  of  pitching  hay.  In  the  large  al- 
falfa and  prairie-grass  fields  of  the  Westerly  States,  the  common 
method  is  to  use  sweep-rakes,  by  which  the  hay  is  taken  directly 
from  the  windrow  to  the  stacker.  Where  a  large  amount  of  hay 
is  made,  it  is  almost  necessary  to  handle  the  crop  by  such  a 
method.  The  method  of  curing  hay  in  cocks  is  more  applicable  to 
the  small  farmer  and  to  farmers  who  live  where  the  market  price 
of  hay  makes  it  profitable  to  handle  it  in  this  more  expensive  way. 

Good  Methods 

The  following  general  suggestions  may  be  given  with  reference 
to  making  clover  or  alfalfa  hay ;  as  soon  as  the  dew  is  off  in  the 
morning,  start  the  mower;  when  the  hay  has  wilted  somewhat, ' 
run  over  it  with  a  tedder  if  the  crop  is  heavy  and  needs  lifting; 
after  an  interval  of  a  few  hours,  before  the  leaves  have  begun  to 
get  dry  and  brittle,  rake  the  hay  into  windrows.  Allow  the  hay 
to  remain  in  this  condition  for  a  day  or  two,  when  it  may  be  put 
into  the  stack  or  mow.  If  the  plan  of  curing  in  cocks  is  followed, 
the  hay  should  be  placed  in  small  cocks  soon  after  raking.  It  will 
be  necessary  for  it  to  remain  in  the  field  for  from  one  to  three 
days  of  drying  weather  before  it  is  ready  to  be  put  into  the  stack. 

It  is  possible  to  start  the  mower  late  in  the  afternoon,  cutting 
until  dark,  raking  the  hay  the  next  forenoon,  and  bunching  or 
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cocking  as  described  above.  Good  hay  may  be  made  in  this  way, 
since  the  dew  does  not  blacken  the  green  hay,  and  even  a  light  rwi 
during  the  night  may  not  greatly  damage  it.  There  is  some  objec- 
tion to  this  method,  however,  for  making  clover  or  alfalfa  hay,  in 
that  the  dew  faUing  on  the  green  hay  in  the  swath  seems  to  favor 
the  development  of  white  mold.  Cutting  only  during  the  forenoon 
after  the  dew  is  off  is  perhaps  the  preferable  method,  provided  the 
farmer  can  handle  the  crop  rapidly  enough  in  this  way. 

Hay  is  much  more  likely  to  be  injured  by  the  moisture  on  it  than 
by  the  moisture  in  it.  This  should  be  an  invariable  rule:  Hay 
sfiould  not  he  raked  or  bunched  or  placed  in  the  stack  or  mow  when  there 
18  moisture  on  it  either  from  dew  or  from  rain.  Such  hay  is  likely  to 
mold  in  the  cock  or  in  the  mow  and  is  almost  certain  to  heat,  to 
blacken,  or  to  **  burn  "  in  the  stack. 

Grasses  cure  much  more  quickly  than  do  alfalfa  and  clover.  The 
length  of  time  required  for  curing  grass  hay  will  depend  upon  the 
kind  of  grass,  upon  the  degree  of  maturity,  and  upon  the  weather 
conditions.  In  good  weather  most  grass  hays  may  be  cut  one  day 
and  stored  the  next.  It  is  even  possible  to  cut  grass  in  the  fore- 
noon and  to  put  it  up  in  the  afternoon. 

Because  hay  requires  rapid  handhng,  it  is  not  necessary  to  cure 
grass  hay  in  the  cock  in  good  weather.  In  showery  weather,  how- 
ever, it  is  a  very  good  plan  to  rake  the  hay  somewhat  green,  to  cock 
it,  and  to  allow  it  to  cure.  Grass  hay  will  shed  rain  much  better 
in  the  cock  than  will  clover  or  alfalfa. 

Storing  Green  Hay^ 

Although  the  methods  described  above  are  the  safest  and  the 
most  satisfactory,  it  is  a  very  common  practice  to  put  clover 
hay  into  the  mow  in  a  partially  cured  condition,  perhaps  on  the  af- 
ternoon of  the  same  day  the  hay  is  cut.  Green  or  partly-cured 
clover  put  into  a  tigl^t  barn  will  become  very  hot,  but  it  will  not 
*'burn.  **  Such  hay  may  come  out  in  good  condition  for  feeding,  but 
with  a  brown  color  which  injures  the  hay  for  selling  on  the 
market.  It  may  be  practicable,  also,  to  store  clover  while  green 
in  raised-bottomed  sheds,  according  to  the  plan  which  is  now 
being  used  in  this  State  for  storing  green  alfalfa. 

Hay  Caps 

It  is  now  becoming  a  common  practice  in  the  more  humid  sec- 
tions, where  the  method  of  farming  is  intensive  rather  than  exten- 
sive, to  protect  the  hay  in  the  field  by  covering  the  cocks  with  can- 
vas or  vrith  paper  caps.    There  is  little  question  regarding  the 

*See  Kansas  Experiment  Station  Bulletin  No.  156.  page  S45. 
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practicability  and  economy  of  such  a  practice  on  small  farms,  and 
there  is  little  question  also  but  that  the  same  method  may  be  used 
profitably  when  alfalfa  and  clover  are  put  up  on  a  larfi^e  scale.  The 
canvas  covers  are  doubtless  to  be  preferred,  since  they  are  more 
durable  and  are  more  easily  handled  than  are' the  paper  cap^. 

Storing  the  Hay 

Hay  should  be  stored  in  sheds  or  in  bams.  Grass  hay  sheds 
the  rain  better  than  does  clover  or  alfalfa,  and  may  be  stored  out 
of  doors  with  little  loss,  provided  the  stacks  are  well  made  and 
covered.  However,  a  good  hay-shed  is  a  profitable  investment  on 
any  farm.  When  hay  is  fed  on  the  farm,  the  aim  should  be  to 
store  it  in  a  convenient  place  so  that  it  may  be  conveyed  to  the 
stock  with  the  least  amount  of  labor.  If  possible,  the  hay  should 
be  stored,  and  the  live  stock  should  be  fed,  under  the  same  roof. 
This  will  avoid  the  expense  of  handling  the  hay  a  second  time  and 
the  loss  from  the  breaking  of  the  leaves  and  heads.  . 

METHODS 

The  most  rapid  way  of  putting  up  hay  is  by  the  use  of  sweep- 
rakes  and  sweep-stackers,  or  swinging  stackers.  This  necessitates 
stacking  the  hay  in  the  field  where  it  is  cut.  This  method  of 
putting  up  hay  is  best  adapted  to  those  regions  where  hay  is  made 
on  a  large  scale.  On  the  average  farm,  the  practical  method  is  to 
load  the  hay  on  wagons  and  to  haul  it  to  the  stack  or  mow.  The 
hay  is  rapidly  removed  from  the  load  and  dumped  into  the  mow 
or  stack  by  means  of  the  hay-fork  or  the  hay-sling.  Slings 
are  often  preferable  to  hay-forks  for  unloading  hay,  on  account  of 
the  cleaner  and  more  rapid  work  which  may  be  done  by  the  use  of 
the  sling.  For  barn  or  shed  storing,  a  carrier  and  track  is  usually 
most  convenient.  For  field  stacking,  some  form  of  hay-poles  with 
the  pulley  and  rope,  either  with  or  without  the  track,  is  in  general 
use. 

Hay  should  not  be  stacked  on  the  ground,  but  on  an  elevated 
bottom  made  of  poles  and  brush.  If  hay  is  green  or  unevenly 
cured,  it  is  apt  to  "burn"  or  spoil  when  there  is  no  ventilation  be- 
neath the  stack.  Great  care  should  be  taken  to  keep  the  middle 
of  the  stack  full  so  that  when  the  hay  settles  the  stack  will  shed 
rain.  There  is  no  better  grass-covering  for  stacks  than  marsh 
hay.  When  the  stack  is  finished  and  topped  out,  one  should  not 
fail  to  bind  on  the  cover  with  good  hangers  of  wire  attached  to 
stones  or  heavy  sticks  of  wood.  As  a  rule,  canvas  or  board  stack- 
covers  are  troublesome  and  expensive  and  not  to  be  recommended. 
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Fig.  U.— Cross-sectloD  of  hay  barn,  showiog  method  of  bracing. 


Pio.  12.— Section  of  roof  of  hay  bam.  showing  extension  for  hay  carrier  track  and  plan  for 
l>racing  roof. 
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A  farmer  might  better  build  a  good  hay-shed  than  use  such  tem- 
porary means  of  protecting  the  stacks  from  rain.  It  is  often  ad- 
visable to  have  a  canvas  cover  or  two  for  temporary  use  when  hay 
is  stacked  out  of  doors. 

Salting  or  Liming  Hay 

It  is  a  common  practice  in  the  middle  and  eastern  states  to  salt 
the  hay  when  it  is  put  into  the  stack  or  mow.  In  Kansas  this 
practice  is  not  usually  followed  except  by  certain  farmers  who 


Fig.  13.— Modem  methods.  Stacking  hay  with  automobile,  oa  farm  of  W.  A.  Van  Dosen. 
Dear  MaDbattan.  Kan. 

stack  alfalfa  hay  in  a  green  or  partially  cured  condition,  and  apply 
salt  or  lime  for  the  purpose,  as  they  claim,  of  preventing  the  hay 
from  heating.  There  seem  to  be  no  sufficient  data  to  prove  that 
the  application  of  lime  or  salt  prevents  hay  from  heating.  No  work 
along  this  line  has  been  reported  by  experiment  stations,  and  the 
reports  of  farmers  vary.  If  the  application  of  salt  or  lime  pre- 
vents the  heating  of  green  or  partially  cured  hay,  this  power  is 
probably  due  to  the  influence  which  the  salt  or  lime  has  in  check- 
ing the  growth  of  microbes  or  fungi  which  cause  the  fermentation 
that  develops  heat.  In  the  same  way,  lime  or  salt  may  prevent 
the  molding  of  hay. 

There  is  little  question  but  that  the  salted  hay  is  relished  better 
by  stock.  The  fact  that  cattle  eat  the  hay  with  greater  relish  may 
be  the  cause  for  the  opinion  among  farmers  that  salting  preserves 
the  hay,  or  makes  it  keep  better.    The  application  of  a  small  amount 
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of  salt  to  the  new  hay  in  stacking  may  be  recommended  even  when 
hay  is  well  cured.  The  application  of  from  two  to  four  quarts  of 
salt  per  ton  is  usually  sufficient,  but  if  the  hay  is  green  or  only  par- 
tially cured,  more  salt  may  be  used.  As  far  as  the  writer  knows, 
there  is  no  advantage  in  using  lime  to  prevent  the  heating  of  hay, 
and  salt  should  be  preferred,  since  it  adds  palatability  to  the  hay. 
So  far  as  known,  no  injurious  effects  result  from  feeding  the  limed 
hay. 


Fio.  14.~  Breaking  Bromus  inermis  sod  on  Experiment  Station  farm  Ave  years  after  seed- 
ing.   Photograph  taken  April  3. 1908. 

Baling  Hay 

It  is  necessary  to  bale  all  hay  which  is  sold  on  the  general  mar- 
ket. The  farmer  may  sell  a  little  loose  hay  locally,  but  loose  hay 
cannot  be  handled  and  hauled  very  far  and  sold  with  profit  to  the 
grower.  Probably  the  best  time  to  bale  hay  is  in  the  fall  or  win- 
ter after  cool  weather  has  come  and  when  other  work  is  not  press- 
ing. Some  farmers  now  bale  their  hay  directly  from  the  field. 
This  is  the  best  time  to  bale  alfalfa,  in  order  to  retain  the  leaves. 
On  the  large  prairie  meadows  of  the  West,  this  method  of  handling 
hay  is  practical  and  economical.  As  a  rule,,  however,  baling  hay 
from  the  field  is  too  slow  a  method  of  putting  up  hay. 

As  already  explained,  it  is  necessary  to  harvest  hay  at  the  right 
time  and  to  store  it  rapidly,  in  order  to  secure  the  best  quality. 
With  prairie  hay,  this  matter  of  time  in  cutting  and  making 
is  not  so  essential  as  with  other  grass-hays,  or  with  alfalfa  and 
clover.  Baling  from  the  field  usually  necessitates  slower  har- 
vesting of  the  crop,  and  the  work  is  done  at  a  time  when  labor  is 
scarce  and  high-priced.    Also,  hay  baled  from  the  field  is  perhaps 
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more  likely  to  spoil  in  the  bale  than  if  the  hay  were  first  stacked. 
The  new  circular  power  baler  (Leubben),  with  a  capacity  of  from 
five  to  ten  tons  per  hour,  may  solve  the  question  of  successful 
field  baling. 

bAije  cured  hay  only 

It  has  been  shown  from  the  experiments  conducted  at  this 
Station  that  it  is  not  advisable  to  bale  alfalfa  except  when  the  hay 
is  well  cured  and  dry  enough  to  stack.  All  hay  which  was  baled 
green  or  in  a  partially  cured  condition  spoiled  in  the  bale.  Simi- 
lar experiments  in  baling  clover  hay  from  the  field  have  given 
similar  results.    Only  well-cured  hay  may  be  safely  baled ^ 

Marketing  the  Hay 

The  most  profitable  way  for  the  farmer  to  market  hay  is  in  the 
form  of  horses,  beef,  pork,  mutton,  or  dairy  products.  Such 
products  are  easily  taken  to  market;  and  the  by-product  from 
feeding  the  live  stock,  the  manure  which  may  be  returned  to  the 
soil,  may  be  almost  equal  in  value  to  the  hay  itself.  Yet  some  hay 
must  be  sold  in  order  to  supply  the  demand  for  this  product. 

There  is  always  some  local  demand  for  hay.  This  demand  may 
be  supplied  by  those  farmers  who  produce  only  a  little  more  hay 
than  is  required  for  feeding  on  their  farms.  The  farmer  who 
grows  hay  in  larger  quantities  must  seek  a  market  farther  from 
home,  and  this  requires  that  the  hay  be  baled  and  shipped  to  the 
central  markets  in  the  large  cities.  It  is  not  easy  to  decide  as  to 
just  which  is  the  best  time  to  sell  hay.  Often  the  price  of  hay  is 
higher  in  the  latter  part  of  the  winter  than  during  the  previous 
months  or  than  it  is  immediately  after  the  farmer  turns  the  stock 
out  to  pasture.  In  February  and  March  there  is  likely  to  be  a 
shortage  in  the  supply  of  hay.  At  that  time  the  large  grower  may 
often  take  advantage  of  the  advanced  price  to  gain  an  additional 
profit  in  the  sale  of  his  crop.  However,  the  factor  which  largely 
determines  the  price  is  the  quality  of  the  hay.  Grood  hay  will 
always  command  a  fair  price,  and  it  has  been  the  aim  of  the  writer 
in  this  discussion  to  call  the  attention  of  haymakers  to  some  of  the 
essential  factors  in  the  production  of  good  hay. 

Shrinkage  of  Hay 

An  experiment  to  determine  the  shrinkage  of  hay  in  the  mow 
was  conducted  at  the  Kansas  Experiment  Station  in  1888  by 
Professors  G.  H.  Pailyer  and  J.  T.  Willard*. 


*See  Bulletin  No.  128  of  this  Station. 

■See  the  First  Annual  Report  of  the  Kansas  Experiment  Station. 
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The  plan  was  to  fill  canvas  sacks  with  several  kinds  of  hay  and 
to  bury  the  sacks  in  the  mow.  The  weights  of  the  sacks  of  hay 
were  taken  before  the  hay  was  stored.  The  hay  of  the  several 
kinds  was  harvested  and  put  into  the  mow  in  June,  July,  and 
August.  On  December  fifteenth  of  the  same  year  the  sacks  were 
taken  out  of  the  mow  and  the  loss  in  weight  determined.  Also, 
moisture  determinations  were  made  of  samples  of  hay,  both  at  the 
time  of  stacking  and  when  the  final  weights  were  taken.  The  re- 
sults of  the  trial  are  given  in  table  IV : 

Tablk  IV.— Percentage  of  Moisture  in  Samples  and  Loss  in  the  Mow. 


Kind  of  Hat. 

Per  cent. 

moisture 

when 

stored. 

Per  cent. 

moisture  when 

taken  from 

mow.  Dec.  15. 

Per  cent, 
loss  in 
weitfht. 

15.66 
19.59 
19.75 
SI. 86 
9.06 
14.00 

10.54 
10.60 
11.80 
8.89 
11.87 
10.61 

5.71 

Blue-srrass 

Or  chard-ffrass  and  clover 

Millet 

Clover 

Prairie  hay 

10.06 
9.01 

14.25 
8.17* 
8.89 

H5ain. 


Prom  this  experiment,  it  would  appear  that  the  loss  in  the 
weight  of  well-cured  hay  of  the  several  common  grasses,  after  the 
hay  has  been  in  the  mow  several  months,  may  vary  from  three  to 
ten  per  cent.  In  the  above  experiment,  it  appears  that  clover 
actually  gained  in  weight,  which  must  be  unusual,  since  clover  is 
often  stacked  rather  green. 

During  the  season  of  1905,  the  Agronomy  Department  of  this 
Station  made  a  determination  of  the  moisture  in  samples  of  hay  of 
various  kinds  when  the  hay  was  stacked.  The  samples  were  from 
the  first  cutting,  which  was  harvested  in  June  and  July.  All  of 
the  hay  was  well  cured  and  stacked  in  good  condition.  The  mois- 
ture in  the  several  samples  as  determined  is  given  in  table  V. 

Table  V.— Percentage  of  Moisture  in  Well-Cured  Hay  when  Stacked. 


Kind  of  Hat. 

Per  cent, 
moisture 

when 
staclced. 

KIND  or  HAY. 

Per  cent, 
moisture 

when 
stacked. 

17.45 
15.09 
15.41 
13.95 
17.30 

Alfalfa 

17.3 

Medium  red  clover 

14.90 

O  rch  Ard-firr  ftss 

Alsike  clover 

16.41 

White  Bokhara  clover 

17.78 

Italian  rye-grass 

It  would  appear,  from  the  results  of  the  experiment  conducted 
by  Professors  Pailyer  and  Willard,  that  all  kinds  of  hay  contain 
about  the  same  amount  of  moisture  when  the  hay  becomes  fully 
cured  in  the  mow.    The  average  moisture  in  the  mow-dried  hay  in 
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that  experiment,  not  including'  the  millet,  was  11.08  per  cent.  If 
this  per  cent.  (11.08)  be  subtracted  from  the  percentage  of  mois- 
ture  found  in  the  hay  of  various  kinds  as  shown  by  the  1905  test, 
it  would  allow  a  shrinkage  varying  from  three  to  six  and  one  half 
per  cent.,  provided  there  was  no  shrinkage  other  than  that  due  to 
the  loss  of  moisture. 

The  testing  of  the  moisture  content  of  the  samples  of  hay  when 
the  hay  was  stacked,  was  continued  by  the  Agronomy  Department 
in  1908  and  1909.  The  percentages  of  moisture  found  in  various 
kinds  of  grass  hay  when  stacked  are  given  in  table  VI.  The 
determinations  for  1905  are  included. 

TABiii  VI.— A  Comparison  of  Moisture  in  Hay  as  Stacked. 


Hnnu^dMabtrnK 

Kind  OF  Hat. 

1905 

1906 

1000 

Timothy 

t6.5t 
81.90 
28.18 
SS.90 
81.45 

SS.OO 

Bromus  inernds 

17.46 
15.00 
15.41 
18.05 

38.84 

Meadow  fescue 

87.88 

Orchard-ffrass 

as  07 

Tall  Tp^adow  oat-grrass 

23.98 

Ayerage 

15.45 

80.06 

20.68 

^Tbe  percentage  given  in  each  case  is  the  average  for  several  determinations. 

It  is  evident  that  the  hay  stored  in  1908  and  1909  was  not  fully 
cured,  yet  this  hay  V7as  cured  enough  to  keep  when  stored  in  the 
stack  or  mow.  Hay  stored  in  this  condition  may  readily  lose 
fifteen  to  twenty  per  cent,  in  weight  after  being  put  in  the  mow 
or  stack,  due  to  loss  of  moisture  alone. 

The  percentage  of  moisture  in  alfalfa  as  stacked,  as  determined 
by  the  Agronomy  Department,  crop  of  1909,  is  given  in  table  VII. 


Table  Vn.-Moisture  in  Alfalfa  when  SUcked. 

DATS  Ol*  CUTTINO. 

Number  of 
determin- 
ations. 

First.  June  6 

88 
88 
88 

88 

30.0 

Second.  July  8 

33.5 

Third.  August  6 

28.5 

I>\>urth*.  September  8(V 

24.0 

Average 

184 

29.0 

*  Crop  of  1908. 

A  number  of  the  samples  were  fully  air-dried  in  the  laboratory 
before  the  total  moisture  was  determined.  The  moisture  in  the 
air-dried  samples  varied  from  nine  to  twelve  per  cent.  If  this 
hay  became  perfectly  air-dry  in  the  mow  or  stack,  it  would  lose 
from  seventeen  to  twenty  per  cent,  in  weight  as  an  average  for  the 
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four  cuttings.  Green  alfalfa  when  cut  has  shown,  on  an  average, 
about  eighty  per  cent,  of  moisture  at  the  first  cutting  and  seventy 
per  cent,  of  moisture  at  the  second  cutting. 

Men  experienced  in  handling  hay  usually  figure  on  about 
twenty  per  cent  loss  in  the  weight  of  the  hay  after  it  is  put  into 
the  mow.  The  statement  is  made,  also,  that  after  baling  the  hay, 
each  bale  will  shrink  from  two  to  five  per  cent,  in  weight.  As  hay 
is  ordinarily  stacked  on  a  farm,  there  is  often  considerable  loss 
from  damage  by  rains,  so  that  the  actual  amount  of  hay  taken 
from  a  stack  may  often  show  a  loss  considerably  greater  than  that 
due  to  the  shrinkage  in  the  weight  of  the  hay  by  loss  of  moisture. 
It  appears  that  the  amount  of  moisture  retained  in  cured  hay 
when  stacked  varies  with  different  kinds  of  hay  and  with  different 
conditions  of  curing.  Ordinarily,  the  loss  in  weight  of  hay 
stacked  when  well  cured  and  protected  from  loss  other  than  that 
which  may  occur  by  natural  shrinkage,  should  not  be  greater 
than  ten  to  fifteen  per  cent. 


Seed  Production 

The  production  of  certain  grass  seeds  is  confined  to  limited 
areas.  This  is  due  in  part  to  the  fact  that  grasses  do  not  produce 
seed  equally  well  everywhere,  and  also  to  the  special  development 
of  the  industry  in  certain  localities.  A  large  part  of  the  Kentucky 
blue*grass  seed  sold  on  the  market  comes  from  certain  counties 
in  Kentucky,  Iowa,  and  Missouri.  Meadow  fescue  seed  is  pro- 
duced largely  in  eastern  Kansas,  and  more  extensively  in  Johnson 
county  than  in  any  other  county  in  the  State.  Orchard -grass  seed 
is  produced  largely  near  Louisville,  Ky.  The  seed  of  Bromus 
inermisis  still  largely  imported  from  Hungary  and  Russia,  but 
this  seed  is  harvested  also  in  northern  Nebraska,  in  North  Dakota 
and  in  South  Dakota.  Timothy  is  grown  for  seed  over  a  larger 
area  than  that  of  any  of  the  other  grasses,  but  its  production  on  a 
large  scale  for  market  is  confined  to  certain  counties  in  northern 
and  southern  Iowa. 

Timothy 

Timothy  will  produce  good  seed  in  eastern  and  central  Kansas. 
It  is  preferable  to  save  and  to  plant  the  home-grown  seed  rather 
than  to  sow  seed  produced  in  other  states,  on  account  of  the  better 
adaptation  of  the  crop  produced  from  the  acclimated  seed.  For 
this  reason  ICansas-grown  seed  should  be  preferred  in  the 
culture  of  other  domestic  grasses  in  this  State.  The  slow 
adaptation  of  several  domestic  grasses  in  this  State  is  due  in  part 
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to  the  fact  that  the  new  seedings  are  usually  made  with  imported 
seed,  hence  the  grass  has  no  chance  to  become  adapted  to  our 
different  climatic  and  soil  conditions. 

Timothy  should  be  cut  for  seed  as  soon  as  the  heads  turn 
brown.  It  is  usually  harvested  with  the  binder  and  bound  in 
mediumsized  bundles  and  shocked  at  once.  It  should  be  threshed 
from  the  field  as  soon  as  the  grass  is  well  cured,  or  it  should  be 
stacked  and  threshed  later  as  may  be  desired.  If  timothy  is  left 
standing  long  in  the  shock,  there  will  be  a  considerable  loss  of 
seed  in  hauling  it.  Four  bushels  per  acre  is  an  average  yield  of 
timothy  seed.  Well-saved  timothy  straw  makes  fair  roughage 
for  horses  and  mules,  but  is  not  relished  by  other  stock. 

Meadow  Fescue 

Meadow  fescue  ripens  quickly  after  it  comes  into  flower  and 
should  be  harvested  as  soon  as  the  heads  turn  brown.  ^  The  crop 
may  be  harvested  with  the  grain  binder  and  handled  in  a  manner 
similar  to  that  already  described  for  timothy.  A  good  yield  of 
meadow  fescue  seed  is  two  hundred  to  three  hundred  pounds  per 
acre.  The  first  two  or  three  crops  are  the  most  productive  for 
seed.  The  usual  practice  is  to  break  up  the  old  sod  the  third  or 
fourth  year  and  to  seed  other  fields. 

Orchard-Grass 

Orchard-grass  is  one  of  the  earliest  grasses  to  bloom  and  to 
ripen.  Care  should  be  taken  not  to  leave  the  crop  too  long  before 
harvesting.  When  this  grass  is  over-ripe,  much  seed  is  lost  in 
handling.  The  crop  may  be  harvested  with  the  binder  and  handled 
as  directed  for  timothy  and  meadow  fescue.  Care  should  be  taken 
in  threshing  to  adjust  the  fan,  since  the  seed  is  very  light  and 
chaffy  and  easily  lost.  It  is  better  to  save  the  seed  with  a  great 
deal  of  chaff  and  to  separate  it  later  with  the  fanning-mill.  If 
stored  in  large  bulk  immediately  after  threshing,  orchard-grass 
seed  is  apt  to  heat.  The  seed  should  be  spread  and  dried  before 
it  is  stored  in  large  bulk,  or  it  may  be  stored  safely  in  sacks.  One 
hundred  fifty  pounds  of  orchard-grass  seed  per  acre  is  a  good 
yield. 

Bromus  Inermis 

Bromus  inermis  is  ready  to  harvest  for  seed  when  the  head^  as- 
sume a  deep  purplish  shade.  If  left  until  the  heads  are  brown 
there  will  be  considerable  loss  of  seed  in  harvesting.  Bromus 
inermis  may  be  cut  with  a  binder  and  handled  in  much  the  same 
manner  as  the  other  grasses  named.     It  is  a  common  practice. 
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however,  to  cut  it  high  and  to  bind  the  stems  into  sheaves.  The 
seed  crop  is  shocked  or  removed  from  the  field.  The  undergrowth 
is  mowed  for  hay.  Tlje  crop  may  also  be  harvested  for  seed  by 
mowing  and  handling  loose  the  same  as  hay.  To  avoid  shelling 
the  seed,  the  hay  should  not  be  handled  during  the  hot,  dry  portion 
of  the  day.  Under  favorable  conditions,  three  or  four  hundred 
pounds  of  Bromus  inermis  seed  per  acre  is  a  good  crop.  The 
largest  yields  of  seed  are  secured  the  first  and  second  years  after 
seeding.  This  grass  does  not  prpduce  so  much  or  so  good  a  qual- 
ity of  seed  in  Kansas  as  it  does  farther  north.  The  production  of 
seed  in  this  State,  however,  should  be  urged  in  order  to  secure 
seed  which  is  better  adapted  to  our  climatic  conditions  than  is  the 
northern-grown  seed. 

Care  must  be  taken  in  threshing  Bromus  inermis  to  adjust  the 
fan,  since  the  seed  is  large  and  light  and  easily  blown  over  the 
sieves.  It  is  better  to  secure  the  seed  with  a  large  proportion  of 
chaff,  which  may  be  readily  removed  with  the  fanning-mill.  In 
threshing  Bromus  inermis,  use  the  oat-sieves. 

Kentucky  Blue-Grass 

Kentucky  blue-grass  is  harvested  with  a  stripper.  This  is 
simply  a  box  on  wheels,  with  a  revolving  cylinder  in  front.  The 
surface  of  the  cylinder  is  covered  with  steel  spikes.  This  cylinder 
revolves  rapidly  and  throws  the  seed  .with  pieces  of  the  heads  into 
the  box.  The  seed  is  ready  for  harvest  as  soon  as  the  heads  turn 
brown. 

Great  care  must  be  taken  in  curing  blue-grass  seed,  since  it 
heats  very  quickly.  This  seed  must  be  spread  thinly,  two  to 
three  inches  deep,  on  a  drying  floor,  within  a  few  hours  after  it  is 
gathered.  New  seed  should  be  stirred  at  intervals  until  it  is 
nearly  dry.  Then  it  should  be  shoveled  together  into  heaps 
eighteen  to  twenty  inches  deep,  or  it  should  be  stored  in  sacks. 
The  germinating  power  of  the  seed  is  quickly  destroyed  by  heat- 
ing. By  the  ordinary  methods  of  handling,  the  seed  is  usually 
injured  in  vitality.  Ninety-five  per  cent,  of  newly  harvested  seed 
germinates.  Seed  purchased  in  the  market  is  considered  good  if 
fifty  per  cent,  of  it  germinates. 

The  gathering  of  Kentucky  blue-grass  seed  in  this  State  can 
scarcely  be  recommended  as  an  industry,  yet  it  is  advisable  for 
farmers  to  gather  enough  seed  for  their  own  fields.  A  farmer 
may  seed  a  field  by  mowing  blue-grass  when  it  is  mature  and  by 
spreading  the  heads  and  hay  over  the  field.  Then  the  field  should 
be  disced  to  cover  the  seed.     Seed  gathered  with  the  stripper 
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may  be  similarly  planted  on  new  fields.  The  advantages  (gained 
by  the  latter  method  of  seeding  are  two:  The  seed  planted  is  of 
strong  vitality;  and  such  seed  is  best  adapted  to  the  soil  and 
climate.  This  method  of  seeding  may  be  used  also  in  securing  a 
stand  of  native  bluestem  or  of  other  wild  prairie  grasses. 

Clovers 

Clovers  are  more  uncertain  seed-producing  crops  than  grasses, 
yet  by  proper  management  and  ninder  favorable  conditions  very 
large  yields  of  clover  seed  may  be  secured.  Yields  of  from  eight 
to  ten  bushels  an  acre  have  been  reported,  but  three  to  four  bushels 
an  acre  is  a  good  crop.  Even  two  bushels  an  acre,  with  clover  seed 
at  ordinary  prices,  will  pay  for  the  harvesting  and  threshing,  and 
will  return  a  fair  rental  on  the  land. 

The  production  of  clover  seed  is  largely  dependent  upon  the  pres- 
ence of  bumblebees  or  of  other  bees  or  insects  which  have  probos- 
cides  long  enough  to  reach  the  nectar  in  the  flower-cups.  These  in- 
sects are  largely  the  agents  through  which  the  pollination  of  the 
blossoms  is  effected.  It  is  claimed  that  the  ordinary  honey-bee  may 
cause  the  fertilization  of  Alsike  clover  and  white  clover,  but  not  of 
red  clover  and  mammoth  clover,  since  the  proboscis  of  the  honey- 
bee is  not  long  enough  to  reach  the  nectar  in  the  flowers  of  the  red 
and  of  the  mammoth  clover.  Since  it  may  be  fertilized  by 
honey-bees,  Alsike  clover  is  a  greater  seed-producer  and  a  more 
certain  crop  than  red  or  mammoth  clover.  The  greater  seed-pro- 
ducing quality  of  Alsike  clover  may  also  be  in  part  due  to  a  larger 
number  of  heads  on  the  plant. 

The  first  crop  of  Alsike  clover  or  of  mammoth  clover  produces 
seed.  The  second  growth,  if  there  is  any,  seldom  matures  seed. 
To  insure  a  good  seed-crop  from  Alsike  or  from  mammoth  clover, 
the  rankness  of  growth  should  usually  be  reduced  somewhat  by 
pasturing  it  in  the  spring  or  by  mowing  it  when  the  clover  has 
reached  a  height  of  from  four  to  eight  inches.  The  grazing  or 
mowing  makes  the  clover  mature  a  little  later,  and  allows  for 
greater  fertilization  by  bees.  Even  when  clover  is  pastured  in 
the  spring,  it  is  advisable  to  mow  it  when  the  grazing  ceases,  to 
make  it  grow  more  evenly  and  to  kill  the  weeds.  The  second  crop 
of  medium  red  clover  is  much  the  better  seed  producer.  The 
first  cutting  produces  little  or  no  seed  on  account  of  the  absence 
of  the  bumble-bees.  Under  favorable  conditions,  it  is  possible  to 
harvest  two  crops  of  white  clover  seed  in  a  season. 

Cut  clover  for  seed  before  it  becomes  too  ripe,  when  most  of 
the  bloom  has  fallen  and  when  the  heads  are  turning  brown. 
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Alsike  clover  should  be  cut  when  it  is  a  little  less  mature  than 
medium  red  clover  or  than  mammoth  clover,  since  Alsike  breaks 
up  badly  when  the  heads  are  fully  ripe.  The  crop  is  usually 
harvested  with  a  self -rake  reaper  or  by  means  of  a  mower  with  a 
buncher,  or  windrow,  attachment.  Great  loss  of  seed  may  result 
if  the  mower  is  run  over  the  cut  clover;  also,  if  the  clover  is  raked 
into  windrows  with  the  horse-rake.  If  clover  must  be  harvested 
by  means  of  the  ordinary  mower  and  horse-rake,  mow  and  rake 
the  clover  when  the  dew  is  on,  or  after  a  light  rain. 

The  best  plan  is  to  hull  the  clover  as  soon  as  it  is  dry,  threshing 
it  from  the  field.  It  is  advisable  to  turn  the  gavels  or  windrows 
the  second  or  third  day  after  cutting,  also  after  rain,  in  order  to 
cause  the  clover  to  dry  and  to  cure  evenly  and  quickly.  The 
clover  huUer  is  much  better  than  the  ordinary  separator  for 
threshing  clover.  Some  grain  separators  are  equipped  with 
huUer  attachments  which  do  fairly  good  work. 

It  is  often  desirable  to  stack  clover  or  to  place  it  in  sheds  soon 
after  cutting,  and  to  thresh  it  at  a  more  convenient  time.  The 
stack  or  shed  should  have  a  tight  floor  in  order  to  save  the  seed, 
which  will  usually  shell  out  badly.  In  loading  and  stacking  clover, 
much  care  should  be  taken  to  catch  the  hulled  seed.  The  wagons 
should  have  tight-bottomed  racks,  and  a  canvas  should  be  spread 
under  the  wagon  at  the  stack  or  shed. 

Clover  seed  should  always  be  carefully  fanned  and  graded  for 
market,  since  such  extra  labor  and  care  is  amply  repaid  by  an 
advance  in  the  selling  price.  Also,  care  should  be  taken  to  keep 
clover  seed  pure  and  free  from  weed  seed.  In  order  to  insure 
clean  seed,  it  is  usually  necessary  to  go  over  the  field  a  few  weeks 
before  cutting  the  clover  and  to  clip  off  or  to  dig  up  the  tall  weeds. 
Mowing  early  in  the  season  tends  to  destroy  weeds,  and  prevents 
the  grasses  growing  with  the  clover  from  maturing  seed.  '*  Sav- 
ing Alfalfa  Seed"  is  fully  discussed  in  Bulletin  No.  155  of  this 
Station.  

The  Pasture 

According  to  the  nature  of  the  plants  used,  pastures  may  be 
divided  into  annual,  temporary,  and  permanent.  Annual  pastures 
must  be  seeded  anew  each  year  and  must  include  such  crops  as 
the  cereal  grains,  millet,  the  sorghums,  rape,  field  peas,  vetches, 
cow-peas,  and  soy-beans.  For  hogs,  they  may  also  include  kale, 
artichokes,  and  root-crops.  These  crops  and  their  use  for  pasture 
and  forage  will  be  discussed  in  a  separate  bulletin  on  annual  for- 
age crops.    Temporary  pastures  are  those  produced  by  seeding 
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some  of  the  perennial  grasses  or  combinations  of  these  with  clover 
or  alfalfa,  with  the  purpose  of  using  the  grass  as  a  crop  in  rotation 
with  other  farm  crops.  Often  the  meadow  and  pasture  is  com- 
bined in  one,  the  grasses  being  used  for  hay  production  for  a  year 
or  two  after  seeding,  then  for  pasture.  However,  since  different 
combinations  of  grasses  are  desirable  to  make  the  best  meadow 
or  the  most  useful  pasture,  it  is  often  well  to  seed  separate  fields 
for  each  purx)ose. 

Permanent  pasture  is  one  in  which  the  land  is  seeded  perma- 
nently in  grass  to  be  used  continuously  for  grazing.  This  seldom 
occurs  except  with  native  grass  lands  which  are  too  rough  or  too 
stony  to  be  plowed  or  tilled.  The  term,  ''permanent  pasture," 
often  refers  to  the  profitable  use  of  pastures  for  a  long  period. 

When  land  may  be  tilled  profitably,  the  temporary  pasture  is 
greatly  to  be  preferred  to  permanent  grass  land  in  the  West  and 
Middle  West,  because  of  the  beneficial  effect  which  grasses  and 
legumes  have  in  improving  the  fertility  of  the  soil.  Most  of  the 
tame  grasses  valuable  for  pasture  or  meadow  are  not  well  suited 
for  permanent  pasture,  but  should  be  used  for  temporary  pasture 
or  for  meadow  in  rotation  with  small  grains,  corn,  and  other 
crops. 

Experiments  with  Pasture  Grasses 

In  the  spring  of  1903,  a  series  of  combinations  of  grasses  with 
clover  were  seeded  in  field  B  on  the  Experiment  Station  farm. 
The  field  was  laid  off  in  six  parallel  strips,  each  one  hundred  feet 
wide  and  one  hundred  sixteen  rods  long.  These  strips  extended 
north  and  south  and  contained  approximately  4.35  acres  each. 
The  field  had  grown  cow-peas  and  soy-beans  and  corn  in  1902. 
The  grass  plots  crossed  the  plots  of  the  previous  year. 

The  seed-bed  was  prepared  by  discing,  "Acmeing,"  and  harrow- ' 
ing,  early  in  the  spring.  The  seeding  was  accomplished  with  the 
Thompson  wheelbarrow  seeder,  between  the  dates  of  March  28 
and  April  6.  The  brome-grasS  hopper  was  used  to  seed  the 
Bromus  inermis.  The  seed  was  covered  by  a  light  harrowing,  with 
the  smoothing  harrow  following  the  seeder.  The  seed-bed  was  in 
good  condition  and  the  weather  was  exceptionally  favorable  for 
seeding  and  for  sprouting  the  seed.  All  of  the  grasses  started 
well,  and  the  clover  made  a  good  stand  on  all  plots.  The  plots 
were  seeded  as  follows,  plot  1  lying  on  the  west  side  of  the  field  on 
the  highest  ground  (See  table  VIII): 
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Table  VIII.— Plan  of  Seeding  Pasture  Grasses  and  Clover  in  Combination. 


Puyr  NO. 


Grasses  seeded. 


Orchard-firrass 

Meadow  fescue 

Medium  red  clover. . 

Orchard-grass 

Medium  red  dovei. 

Bromu$  in«rmi9 

Meadow  fescue 

Medium  red  clover.. 

Orchard-grass , 

Bromus  inermit 

Medium  red  clover. . 

Timothy 

Bromus  inermii 

Medium  red  clover. 

Brormu  insrmia 

Medium  red  clover. 


Amountof 

seed  sown 

per  acre. 

pounds. 


18.16 
16.10 

4.60 
18.40 
10.80 
18.S0 
14.00 

3.50 
19.70 
14.60 

8.70 

8.60 
15.00 

S.80 
15.00 

4.50 


This  work  was  started  in  cooperation  with  the  Animal  Hus- 
bandry Department  of  this  Station.  The  purpose  was  to  under- 
take pasturingexperiments  in  order  to  compare  the  productiveness 
and  relative  grazing  qualities  of  the  several  grasses  and  combina- 
tions. However,  no  definite  pasturing  experiments  have  been 
undertaken.  The  whole  field  has  been  pastured  alike  with  cattle, 
horses,  and  sheep,  the  sheep  grazing  only  during  the  past  two 
seasons.  At  times  the  grass  has  been  very  closely  cropped, 
and  the  pasture  has  been  grazed  continuously  from  early  spring 
until  late  in  the  fall.  The  author  has  from  time  to  time  taken 
observation  notes. 

The  field  was  not  grazed  the  first  season.  The  weeds  were 
clipped  three  or  four  inches  high  on  June  29,  and  the  grasses  and 
weeds  were  mowed  again  late  in  August,  a  little  clover  hay  being 
secured. 

The  grasses  and  clover  made  a  good  start  in  the  spring  of  1904, 
covering  the  ground  fairly  well.  The  pasture  was  grazed  with 
cattle  and  horses  early  and  regularly,  but  not  very  closely,  during 
the  season  of  1904.  It  was  observed  that  the  stock  allowed  the 
orchard-grass  to  form  seed-heads,  but  the  plots  of  Bratnus  inermis 
were  kept  closely  grazed. 

The  clover  had  largely  disappeared  in  the  season  of  1905,  and  it 
did  not  re-appear  to  any  great  extent.  Close  grazing  allowed  no 
seed-heads  to  form  and  there  was  no  re-seeding  of- the  clover. 
The  author  observed  that  the  orchard-grass  was  becoming  thicker, 
that  the  JUromus  inermis  made  an  excellent  sod,  while  timothy  and 
meadow  fescue  did  not  make  a  good  showing.  It  was  evident  that 
the  Bromus  inermis  and  the  orchard-grass  were  taking  the  place  of 
the  other  grasses. 

This  pasture  was  given  a  heavy  surface  dressing  of  barnyard 
manure  during  the  seasons  of  1905,  1906,  and  1907.    Thegrasses 

Digitized  by  VjOOQIC 


Orasses 


[BuU.  175 


continued  to  thrive  even  better  than  formerly,  in  1908"and  1909. 
On  June  11,  1910,  a  careful  observation  was  made  of  this  field  as 
to  the  stand  and  condition  of  the  grasses  in  the  several  plots. 
During  that  season  the  pasture  was  grazed  by  sheep,  cattle,  and 
horses.  It  was  observed  that  all  the  plots  were  well  covered  with 
a  thick  turf  except  in  the  gumbo  spots;  No  clover  appeared  in 
any  of  the  plots.  The  percentage  of  stand  of  each  of  the  other 
grasses  in  each  of  the  plots  was  estimated  as  follows  (See  table 

IX): 

Table  IX.— Glvlmr  Peroentaire  of  Stand  of 
Grasses  in  the  Several  Plots. 


PliOTNO. 

Name  of  Grasses. 

Percentage 
of  Stand. 

1 

J  Meadow  fescue 
1  Orchard-ffrass 

Orchard-irrass 

1  Meadow  fescue 
1  Bromus  inermis 

J  Orchard-irraas 
1  Bromus  inermis 

Bromus  inermis 

Bromus  inermis 

10 
90 

100 

15 
85 

50 
60 

100 

100 

« 

8 

4 

5 

« 

It  was  observed  that  while  all  of  the  plots  were  closely  grazed, 
plots  3,  5,  and  6,  containing  mostly  Bromus  inermis^  were  more 
closely  grassed  than  plots  1,  2,  and  4,  which  were  largely  orchard- 
grass.  Sheep  seemed  to  graze  about  equally  well  on  orchard- 
grass  and  Bromvs  inermis^  and  the  combination  of  the  two  grasses 
on  plot  4  was  the  best  stand  of  grass  and  the  best  pasture.  Th^ 
orchard-grass  appeared  to  stand  better  on  the  gumbo  spots  than 
did  Bromus  inermis.  The  combination  of  orchard-grass  and  Bro- 
mus inermis  is  preferable  to  either  alone.  These  grasses  seem  to 
be  about  equally  persistent,  and  when  combined,  are  apparently 
relished  more  by  stock  than  the  orchard-grass  alone,  are  not  so 
closely  grazed  as  the  Bromus  inermis  alone,  and  furnish  more  gra- 
zing in  a  season.  Meadow  fescue  and  timothy  seem  to  be  no  more 
productive  and  much  less  persistent  than  orchard-grass  and  Bro- 
mus inermis.  Meadow  fescue  and  timothy,  however,  have  little 
value  in  a  combination  pasture.  This  pasture  could  have  been  im- 
proved by  an  occasional  re-seeding  of  clover.  In  this  field  is  a 
strip  of  native  prairie  grass.  Observation  from  year  to  year  in- 
dicates that  the  stock  graze  less  on  the  native  grasses  than  on  the 
tame  grasses.  Sheep,  especially,  preferred  the  tame  grasses  and 
allowed  the  native  prairie  grass  to  make  a  rank  growth  in  the  fall 
of  1909,  while  they  kept  the  tame  grasses  closely  cropped.  Sheep 
also  graze  well  on  orchard-grass,  while  cattle  and  horses  relish  it 
much  less  than  they  do  Bromus  inermis. 
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Care  and  Management  of  Grass  Lands 

Eenewing  the  Growth  of  Grasses  in  Permanent  Meadows 

and  Pastures 

The  writer  recommends  the  use  of  the  f^rasses  as  temporary 
meadows  and  pastures  in  rotation  with  other  crops.  When  the 
meadow  or  pasture  decreases  in  productiveness,  the  plan  should 
be  to  break  the  sod  and  to  grow  other  crops  for  a  few  years  before 
again  seeding  the  field  to  grass.  By  this  method,  larger  yields 
both  of  grass  and. of  grain  crops  may  be  secured  apparently  with- 
out greater  exhaustion  of  soil  fertility  than  may  result  from  con- 
tinual cropping  with  grain.  In  fact,  the  usual  result  is  that  the 
soil  remains  more  fertile  by  such  a  system  of  rotation.  This  is 
due  to  the  protection  which  the  land  receives  while  in  grass,  to 
the  improvement  in  soil  texture,  to  the  accumulation  of  humus, 
and  to  the  extra  fertilization  by  the  manuring  which  occurs  from 
pasturing  stock  on  the  grass  land.  Occasionally,  however,  it  is 
advisable  to  keep  a  field  in  grass  as  long  as  it  may  be  profitably 
used  for  this  purpose.  Low,  wet  lands,  rough  or  stony  lands,  and 
sloping,  washy  lands  are  often  better  adapted  to  grasses  and 
legumes  than  to  grain  crops,  hence  it  is  desirable  to  keep  grass 
growing  on  such  land  for  long  periods. 

As  meadows  and  pastures  grow  old,  they  become  sod-bound 
and  less  productive.  The  available  fertility  of  the  soil  becomes 
largely  exhausted,  and  much  of  it  is  locked  up  in  the  immense 
root-system  which  has  been  developed  by  the  thick  growth  of  the 
grass.  If  the  field  is  one  which  can  be  used  profitably  in  growing 
other  crops,  the  best  plan  is  to  break  the  sod  and  seed  new  fields 
to  grass.  If,  however,  it  is  desired  to  continue  the  use  of  the 
meadow  or  pasture,  a  new  growth  may  be  secured  by  partially 
breaking  or  by  thoroughly  discing  and  harrowing  the  sod  in  the 
spring.  This  will  have  the  effect  of  destroying  some  of  the  grass 
roots,  which  soon  decay,  furnishing  plant-food  for  the  new  growth 
of  the  grass.  Discing  also  loosens  and  aerates  the  soil.  This 
mulch  of  mellow  soil  conserves  the  soil  moisture,  thus  favoring 
the  growth  of  the  grass.  Grasses  which  spread  from  the  root 
are  most  successfully  renewed  in  this  way. 

Manuring  and  Fertilizing 

There  is  no  better  fertilizer  for  grass  than  farmyard  manure. 
A  top  dressing  applied  during  the  fall  or  early  winter  will  serve 
during  the  winter  as  a  cover  to  protect  the  grass  roots  from  the 
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extremes  of  temperature.  As  spring  opens,  the  rain  carries  the 
nutriment  from  the  manure  to  the  roots  of  the  grass,  stimulating 
an  early  spring  grpwth,  which  may  continue  throughout  the  sea- 
son. During  the  summer,  the  manure  acts  as  a  mulch  to  keep  the 
moisture  in  the  soil,  thus  protecting  the  plants  more  or  less  from 
the  influence  of  drouth. 

There  is  no  more  convenient  place  to  haul  the  manure  than  to 
the  grass  land,  and  there  is  no  crop  which  responds  more  readily 
than  grass  to  the  application  of  manure.  It  is  not  necessary  to 
wait  until  the  pasture  or  meadow  is  old  and  worn  out  before 
making  liberal  applications  of  manure.  When  the  purpose  is  to 
plow  the  sod,  the  manure  should  be  applied  a  year  previous  to  the 
breaking.  This  will  produce  larger  crops  of  grass  during  the 
season  following  the  application  of  the  manure,  and  by  increasing 
the  root-growth,  will  add  to  the  humus  of  the  soil,  leaving  the  land 
more  fertile  for  succeeding  crops.  Thus  the  manuring  of  grass 
land  results  in  a  double  benefit,  as  compared  with  the  manuring 
of  corn  or  other  grain  land. 

Grazing  Meadows 

Many  farmers  turn  the  live  stock  into  the  meadow  after  harvest- 
ing the  hay  crop,  and  depend  upon  the  meadow  to  furnish  the  late 
summer  or  early  fall  grazing.  When  there  is  a  vigorous  after- 
math, and  a  second  crop  of  hay  is  not  desired,  no  harm  may  result 
from  such  pasturing.  In  fact,  the  grazing  may  be  beneficial,  since 
a  heavy  mulch  of  dead  grass  tends  to  smother  the  meadow  during 
':he  winter  or  to  retard  the  early  growth  of  grass  the  next,  spring. 
It  is  not  desirable  to  burn  the  heavy  grass-growth  in  the  spring 
because  burning  wastes  the  nitrogen  and  exhausts  the  soil  humus. 
However,  it  is  almost  necessary  to  burn  a  heavy  covering  of  dead 
grass  because,  if  left  on  the  ground,  it  not  only  checks  the  new 
growth,  but  it  interferes  with  the  mowing,  and  injures  the  quality 
of  the  hay.  The  meadow  should  not  be  grazed  too  closely  or  too 
late  in  the  fall,  since  late>  close  grazing  will  leave  the  grass  with 
little  winter  protection  and  may  result  in  weakening  the  plants 
so  as  greatly  to  retard  their  growth  the  next  spring. 

Timothy  is  easily  killed  by  too  close  grazing,  but  this  is  not 
equally  true  of  all  grasses.  Permanent  pasture  grasses,  such  as 
Kentucky  blue-grass  and  the  wild  prairie  grasses,  may  be  pastured 
late  in  the  fall  without  injury,  provided  the  grass  has  been  allowed 
to  make  a  vigorous  growth  in  the  late  summer  and  early  fall.  This 
may  often  be  accomplished  on  a  well-managed  farm,  by  using  the 
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meadow  aftermath  for  pasture  as  described  above,  allowing  the 
grass  in  the  regular  pasture  to  make  a  rank  growth  during  the 
early  fall. 

Care  of  Pastures 

The  productiveness  of  any  pasture  grass  will  be  very  much  re- 
duced by  continued  close  grazing,  for  the  leaves  are  the  lungs  and 
the  stomach  of  the  plant.  In  the  leaves,  carbon  and  water  from 
the  air,  and  mineral  plant-food  elements  from  the  soil,  are  brought 
together  and,  in  the  presence  of  sunshine,  chlorophyll,  and  life- 
givmg  oxygen,  the  complex  products  are  made  which  sustain  the 
life  of  the  plant  and  cause  growth.  The  bad  results  of  close  gra- 
zing are  especially  noticeable  in  a  dry  season,  but  too  close  grazing 
at  any  time  weakens  the  vitality  of  the  plants  so  that  they  may 
not  start  quickly  and  vigorously  in  the  spring.  Grass  should  not, 
as  a  rule,  be  pastured  the  season  it  is  sown.  If  the  season  has 
been  very  favorable,  and  if  the  grass  has  grown  luxuriantly,  it 
may  be  pastured  lightly  in  the  autumn.  Close  or  late  grazing 
should  be  carefully  avoided,  because  the  young  plants  need  their 
green  leaves  in  order  to  produce  a  vigorous  root-growth. 

Grass  becomes  less  palatable  to  stock  as  it  matures  and  forms 
seed.  In  order  to  maintain  a  fresh,  vigorous  growth,  tame-grass 
pastures  should  be  mowed  before  the  seed-heads  mature.  It  is 
advisable  also  to  mow  permanent  pastures  once  or  twice  a  year  to 
prevent  the  seeding  of  weeds,  and  to  destroy  buck  brush  or  other 
plants  that  are  likely  to  start  in  places  where  the  grass  has  become 
thin.  Grasses  in  permanent  pastures  or  meadows  require  more 
care  than  those  that  are  grown  in  rotation  with  other  crops.  It  is 
advisable  to  re-seed  permanent  pastures  occasionally.  They  must 
also  be  fertilized  with  manure  or  chemical  fertilizers  in  order  to 
maintain  their  productiveness.  Occasionally,  it  is  advisable  to 
cultivate  such  grass  lands  by  discing  and  harrowing  early  in  the 
spring.  The  re-seeding  and  manuring  should  come  preferably  at 
the  time  of  cultivation. 

BURNING  OFF  PASTURES 

It  is  a  very  common  practice  in  Kansas  to  burn  off  the  prairie 
pasture  in  the  spring.  In  the  judgment  of  the  writer  this  is  a 
useless  practice,  for  by  dividing  the  range  and  by  careful  man- 
agement as  suggested  above,  it  is  possible  to  keep  the  pastures 
grazed  down  sufficiently  so  that  they  will  not  require  burning. 
While  a  heavy  growth  of  dead  grass  in  a  pasture  is  objectionable, 
a  mixture  of  old  and  new  grass  may  be  preferable  to  new  grass 
alone  for  early  spring  pasture.  When  cattle  are  changed  abruptly 
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from  dry  feed  to  young,  green  grass,  the  too-great  laxative  often 
causes  scouring  and  the  cattle  frequently  lose  in  weight  for  a  few 
weeks.  This  check  in  growth  may  be-  largely  avoided  by  a  judi- 
cious mixing  of  dry  feed  and  green  feed,  such  as  may  occur  if  a 
short  growth  of  dead  grass  remains  in  the  pasture.  It  is  not  ad- 
visable to  burn  a  part  of  the  pasture  and  to  leave  a  part  unbumed, 
since  the  stock  will  then  feed  mainly  on  the  burned  portion,  gra- 
zing the  young  grass  very  closely.  This  may  result  in  permanent 
injury  to  the  pasture,  or  at  least  may  result  in  decreasing  the 
amount  of  grazing  for  the  single  season. 

RE-ESTABLISHING  AN  OLD  BLUE-GRASS  PASTURE 

In  answer  to  the  question  from  a  farmer  in  eastern  Kansas, 
'^How  shall  X  re-establish  an  old  Kentucky  blue-grass  pasture?" 
the  author  made  this  answer: 

"If  you  wish  to  continue  the  blue-grass  pasture  as  a  permanent 
pasture,  I  would  advise  you  to  re-seed  the  pasture  to  Kentucky 
blue-grass  and  white  clover,  witH  a  little  Alsike  clover.  Perhaps 
the  best  plan  for  you  to  pursue  in  re-establishing  the  grass  in  this 
old  pasture  is  to  disc  and  harrow  the  pasture  early  in  the  spring, 
and  to  plant  ten  pounds  of  Kentucky  blue-grass  seed,  two  pounds 
of  white  clover  seed,  and  four  pounds  of  Alsike  clover  seed  an  acre. 
I  would  advise  you  to  double-disc  the  field,  cross-discing  the 
second  time,  then  to  sow  the  seed  and  to  harrow  twice,  so  as  to 
level  the  ground  and  to  cover  the  seed. 

"In  order  to  insure  a  catch  of  grass  and  clover,  it  may  be 
necessary  to  keep  the  stock  from  this  pasture  for  at  least  a  part  of 
the  first  season  after  seeding.  I  would  not  advise  you  to  pasture 
it  until  the  latter  part  of  the  summer  or  early  fall.  Even  then  the 
young  grass  and  clover  should  not  be  pastured  closely.  The 
cattle  should  be  taken  off  early  in  the  fall  in  order  that  the  grass 
may  make  a  good  growth  before  winter  begins.  Possibly  it  is 
advisable  to  allow  the  cattle  to  run  on  this  pasture  early  in  the 
season  immediately  after  seeding,  in  order  to  firm  the  soil  and  to 
give  the  seed  better  opportunities  to  germinate.  Or  better  stiU,  I 
would  roll  the  field  after  seeding,  if  it  seems  necessary.  However, 
it  may  not  be  necessary  to  use  a  roller,  since  the  disc  and  harrow 
may  put  the  ground  in  good  seed-bed  condition.  The  soil  should 
not  be  left  too  loose  and  open. 

"It  would  aid  in  getting  a  start  of  new  grass  on  this  pasture  if 
you  should  manure  the  field  during  the  winter  previous  to  re- 
seeding.  Preferably,  give  a  light  dressing  of  weU-rotted  manure, 
ten  to  twelve  tons  per  acre,  evenly  spread  and  mixed  with  the 
surface  soil  by  discing  and  harrowing,  as  described  above. 
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''Hit  is  not  possible  for  you  to  secure  manure,  it  may  pay  to 
apply  commercial  fertilizers  previous  to  re-seeding  the  pasture  in 
the  spring.  Some  of  the  slaughter-house  fertilizers  which  are 
rich  in  nitrc^en  and  phosphoric  acid  should  be  preferred.  If  the 
land  is  weedy  and  a  great  growth  of  weeds  starts,  these  should  be 
cut  at  intervals  during  the  season,  to  prevent  them  from  seeding, 
also  to  prevent  injury  to  the  young  grass.  Bear  in  mind  that  it  is 
necessary  to  give  this  land  a  rest  from  pasturing  for  a  year,  or  for 
a  i)art  of  a  year,  in  order  to  renew  the  growth  of  grass  and  to 
make  a  productive  pasture. 

"If  there  is  a  very  poor  stand  of  grass  on  this  old  pasture  and 
the  land  is  badly  infected  with  weeds,  I  would  advise  you  to  break 
up  the  pasture,  provided  the  field  can  be  plowed  and  tilled.  Crop 
it  a  few  years,  preferably  with  inter-tilled  crops,  and  then  re-seed 
to  grass.  If  this  plan  is  adopted  it  will  be  advisable  to  sow  other 
grasses  with  the  Kentucky  blue-grass  and  clover.  For  your  sec- 
tion of  the  State,  I  would  recommend  a  combination  of  Bromus 
inermis,  orchard-grass,  meadow  fescue,  Kentucky  blue-grass, 
Alsike  clover,  and  white  clover.  Plant  about  eight  pounds  of  each 
kind  of  grass  seed  with  four  or  five  pounds  of  Alsike  clover  seed 
and  a  pound  or  two  of  white  clover  seed  per  acre.  The  other 
grasses  named  in  the  combination  are  not  so  valuable  for  perma- 
nent pasture  as  Kentucky  blue-grass,  but  they  grow  much  more 
rapidly  at  first  and  so  furnish  much  more  grazing  for  the  first  two 
or  three  years.  They  will  gradually  die  out  and  be  replaced  by 
the  Kentucky  blue-grass  and  white  clover.  In  starting  a  Ken- 
tucky blue-grass  pasture,  it  is  often  advisable  to  sow  small 
amounts  of  other  grasses  in  this  way  in  order  to  secure  an  abund- 
ance of  pasture  the  first  two  or  three  seasons.  It  will  not  be  ad- 
visable, however,  to  attempt  to  re- seed  the  old  pasture  with  the 
tame  grasses  named  above  without  breaking  up  the  pasture,  since 
the  domesticated  grasses  will  not  start  well  on  the  sod  land.  It 
will  not  be  advisable  to  plow  this  pasture  with  the  purpose  of  re- 
seeding  it  the  present  season." 

A  similar  method  may  be  employed  for  re-establishing  old 
pastures  of  native  prairie-grasses  in  central  and  western  Kansas, 
without  breaking  the  sod.  Experiments  have  shown  that  old 
prairie  pastures  may  be  renewed  simply  by  manuring,  discing, 
and  giving  the  pasture  a  year's  rest  from  grazing.  In  parts  of  the 
State,  sweet  clover  {MelilotiLs  alba)  and  Japan  clover  {Sespedeza 
striata)  are  being  used  to  renew  the  fertility  and  productiveness 
of  old,  worn-out  prairie  pastures.  ( See  the  discussion  of  these 
clovers.) 
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Breaking  and  Cropping  Grass  Lands 

Perhaps  the  best  time  to  break  prairie  land,  or  old,  tough  sod  is 
late  in  the  spring,  in  May  or  Jane.  In  the  spring,  the  grass  roots 
are  more  tender  and  cut  more  easily  than  in  the  late  summer  or 
•fall.  The  soil,  too,  is  usually  in  j2:ood  physical  condition  in  the 
spring,  containing  sufficient  moisture  to  plow  well.  If  the  sod  is 
broken  quite  late  in  the  spring  or  early  in  the  summer  after  the 
grass  is  well  started,  the  grass  is  apt  to  be  kiUed  out  better  than 
by  fall  breaking  or  by  early  spring  breaking.  This  more  complete 
killing  of  the  grass  by  the  later  breaking  is  partly  due  to  the  hot, 
dry  weather  which  is  likely  to  occur  at  that  season  of  the  year. 

In  breaking  the  prairies  of  the  West,  the  usual  plan  is  to  break 
late  in  the  spring,  and  rather  shallow — two  to  four  inches  deep. 
After  the  sod  has  lain  for  two  or  three  months,  it  is  back-set  or 
re-plowed  a  little  deeper  than  the  breaking.  This  turns  the 
tough,  partially-rotted  sod  under  and  brings  to  the  surface  two  or 
three  inches  of  mellow  earth  in  which  to  plant  the  seed  grain. 
When  this  method  of  breaking  is  followed,  winter-wheat  is  usually 
the  first  crop  planted  on  the  new  land,  and  this  planting  does  not 
take  place  until  several  monlhs  after  the  first  breaking.  This 
gives  time  for  the  decay  of  the  sod,  the  storing  of  moisture  in  the 
sub- soil,  and  the  preparation  of  some  available  plant-food  with 
which  to  start  the  new  crop. 

Some  farmers  practice  breaking  a  little  earlier  in  the  spring, 
plowing  a  little  deeper  and  planting  at  once  some  late  crop,  such  as 
millet,  Kafir,  or  cane,  perhaps  without  any  preparation  of  the  seed- 
bed other  than  plowing  or  disc-harrowing.  Other  farmers  break  the 
sod  in  the  fall,  and,  usually  without  re-plowing,  plant  early  spring 
crops.  Frequently  this  method  of  deep  breaking  and  immediate 
cropping  gives  unfavorable  results.  Farmers  complain  that  new 
land  treated  in  this  way,  though  it  may  produce  a  good  sod  crop, 
may  not  produce  so  well  at  the  second  cropping,  arid  occasionally 
this  apparent  lack  of  fertiUty  may  continue  for  several  seasons. 
It  is  a  general  opinion  among  farmers  that  late  fall  or  early 
spring  breaking  injures  new  land.  The  writer  has  carried  out 
experiments  in  breaking  and  cropping  sod  land  both  at  the 
Kansas  Experiment  Station  and  at  the  North  Dakota  Experiment 
Station,  the  results  of  which,  in  part  at  least,*  agree  with  this  gen- 
eral experience  of  the  farmers:  that  the  injurious  effects  on  the 
land  are  not  due  to  the  time  or  method  of  breaking,  but  rather  to 
the  immediate  cropping  of  the  new  land. 

The  starting  of  a  new  crop  at  once  on  breaking  gives  no  time 
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for  the  proper  decay  of  the  sod.  The  moisture  in  the  soil  and  the 
rains  which  fall  are  largely  used  by  the  growing  crop,  and  the  sod 
does  not  rot;  hence  there  is  no  accumulation  of  available  plant- 
food,  and  the  soil  remains  in  bad  physical  condition.  The  writer 
carried  on  the  following  interesting  experiment  at  the  North 
Dakota  Experiment  Station.  The  sod  of  a  field  that  had  grown  a 
crop  of  flax  was  observed  to  be  in  dry,  hard  chunks  when  it  was 
plowed  in  the  fall  after  spring  breaking.  The  adjacent  plot, 
broken  at  the  same  date  but  fallowed  and  cultivated  during  the 
summer,  was  in  excellent  physical  condition  when  plowed  in  the 
fall.  The  summer-fallowed  field  gave  a  much  larger  yield  of  wheat. 
In  my  judgment,  no  injury  need  come  to  land  from  early  spring 
or  early  fall  breaking,  or  even  from  very  late  fall  or  winter  break- 
ing, provided  the  ^od  is  allowed  to  decay  and  to  accumulate 
moisture,  so  that  it  may  be  put  into  good  seed-bed  condition  by 
cultivation  before  a  crop  is  planted.  It  is  often  more  convenient 
and  more  economical  for  the  farmer  to  break  sod  in  the  fall  or 
winter,  and  if  this  is  done,  such  land  should  be  disced  and 
harrowed  early  in  the  spring,  or  back-set  to  prepare  a  good  seed- 
bed for  planting  some  late  crop. 

Crops  to  Follow  Grass 

It  is  proper  to  sow  legumes  and  grasses  vnth  crops  which 
thrive  in  soils  well  supplied  with  humus  and  available  nitrogen, 
such  as  Indian  corn,  Kafir,  potatoes,  and  rank-growing  forage 
crops  like  millet  and  sorghum.  It  is  not  advisable  to  follow  clover, 
alfalfa,  or  combinations  of  legumes  and  grasses  immediately  with 
small  grains,  since,  with  an  excessive  supply  of  nitrogen,  these 
crops  wiU  produce  too  great  a  growth  of  straw,  and  lodge,  and 
fail  to  fill  well. 

With  favoring  climatic  conditions,  fiax  is  an  excellent  crop  to 
grow  on  old,  tough  sod,  such  as  native  prairie-grass  sod,  old 
brome-grass  sod,  or  blue-grass  sod..  Certain  annual  legumes, 
such  as  field  peas,  vetches,  and  cow-peas,  may  also  be  advanta- 
geously grown  on  old  sod-land  to  aid  in  subduing  the  sod.  These 
crops  often  produce  well  on  new  land,  and  they  are  excellent 
crops  to  hasten  the  decay  of  sod  and  to  prepare  the  new  land  for 
its  second  crop.  Oats  is  a  strong  "feeder"  and  may  produce  bet- 
ter on  grass-sod  land  than  do  other  small  grains.  It  is  not  a  safe 
crop  to  follow  clover  or  alfalfa,  on  account  of  the  tendency  of  the 
grain  to  grow  too  rank  and  to  lodge.  When  the  sod  is  not  so  tough 
but  that  it  may  be  readily  cultivated,  an  inter- tilled  crop,  on  the 
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breaking,  should  be  preferred  to  a  sowed  crop,  since  by  careful 
cultivation  the  grass  is  more  completely  killed,  and  the  sod  is 
rotted  better.  Certain  grasses,  such  as  Johnson  grass,  quack- 
grass,  and  Bermuda  grass,  seem  to  thrive  by  cultivation  and  may 
be  an  exception  to  this  rule.  Such  grasses  are  more  readily  held 
in  check  by  smothering-crops,  such  as  millet,  cane,  and  Kafir. 


Pio.  15.— First  crop  on  Bromus  inermii  sod  which  was  broken  in  the  fall  of  1908.  This  com 
produced  over  IS  tons  of  irreen  forage  per  acre,  which  was  put  into  the  silo.  Ordinary  land 
adjacent  yielded  8  tons  per  acre. 

Experiments  in  Breaking  and  Cropping  Prairie  Sod 

An  experiment  was  carried  on  at  this  Station  in  1904-1905  to 
compare  spring  and  fall  breaking  of  native  prairie  sod,  to  deter- 
mine what  crops  produce  well  on  sod  land,  and  to  observe  the 
effect  such  crops  may  have  on  succeeding  crops.  Twenty-one 
plots,  each  twenty-five  rods  long  and  two  rods  wide,  and  each  con- 
taining an  area  of  twenty-four  hundredths  of  an  acre,  were  laid 
off  in  the  summer  of  1904  on  a  piece  of  high  upland  prairie  pasture 
on  the  College  farm.  The  soil  in  this  field  was  rather  shallow  and 
underlaid  with  limestone  at  a  depth  of  from  three  to  five  feet; 
hence  the  field  was  not  very  productive,  especially  in  an  unfavor- 
able season.  The  plan  of  the  experiment  is  briefly  given  in  table 
X.  The  sod  was  plowed  at  three  different  times:  early  in  the  fall, 
August  27  to  September  3;  late  in  the  fall,  November  16  and  17; 
and  early  in  the  spring,  March  15  to  18.  There  was  no  late  spring 
breaking.  The  breaking  was  from  two  and  one  half,  inches  to  five 
inches  deep.    One  plot  of  the  early  fall  breaking  was  back-set  late 
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in  the  fall;  other  plots  received  no  re-plowing  before  the  planting 
of  the  sod  crops. 

Several  plots  of  flax  and  a  number  of  other  standard  crops  were 
planted  on  this  new  breaking  in  the  spring  of  1905.  Four  plots 
were  left  fallow.  Two  of  these  were  cultivated  to  keep  down  the 
weeds  and  on  two  the  weeds  were  cut  once  or  twice  during  the 
season  to  prevent  them  from  seeding.  In  the  fall  of  1905,  this 
series  of  plots  was  divided  into  three  equal  divisions  running 
crosswise  of  all  the  plot  series.  On  the  west  third  of  each  of  the 
several  plots  winter- wheat  was  planted,  on  November  2, 1905.  On 
the  middle  third  flax  was  planted,  in  the  spring  of  1906;  and  in  the 
east  division  corn  was  planted. 

The  seed-bed  for  the  1906  wheat  was  prepared  on  all  plots  by 
discing  and  harrowing  after  the  removal  of  the  sod  crops  as  named 
in  the  table.  The  division  in  which  flax  seed  was  planted  wAs 
plowed  in  the  spring  while  preparing  the  seed-bed.  In  the  east 
third  corn  was  planted  with  the  lister  without  previous  cultiva- 
tion. 

The  very  late  seeding  of  the  wheat,  and  the  thin  soil,  resulted  in 
a  low  yield  from  all  plots.  Flax  did  comparatively  better  than 
wheat,  being  a  fair  crop,  but  the  corn  was  an  inferior  crop  on  all 
of  the  plots,  and  no  yield  test  was  recorded.  Some  of  the  data  on 
this  experiment  are  tabulated  in  table  X. 

Prom  the  data  in  table  X  it  appears  that  the  forage  crops  and 
the  inter-tilled  crops,  millet,  cane,  corn,  and  Kafir,  were  the  better 
yielding  first  crops  on  sod.  Of  the  small  grains,  oats  and  emmer 
were  much  superior  to  barley  and  spring- wheat  in  yield.  Flax 
averaged  a  fair  crop,  giving  rather  larger  yields  from  shallow  late 
fall  breaking.  The  "  back-setting  "  and  the  early  fall  breaking  had 
B,  decided  effect  in  reducing  the  flax  yield  on  plot  11,  which  gave 
thirty-eight  per  cent,  less  yield  than  plot  10,  adjacent  to  it,  which 
v^as  not  replowed. 

The  second  year's  crops,  both  of  flax  and  of  wheat,  were  notice- 
ably greater  on  the  summer-fallowed  plots  and  after  cow-peas, 
nax  gave  larger  yields,  also,  after  small  grains,  millet,  corn,  and 
Kafir,  than  after  flax;  and  the  yield  of  flax  after  cane  was  relatively 
light.  Wheat  made  a  relatively  good  yield  after  corn,  fair  yields 
after  Kafir  and  flax,  and  very  low  yields  after  the  small  grains, 
millet,  and  cane.  The  writer  is  well  aware  that  this  is  not  a  very 
satisfactory  experiment  on  account  of  the  light  yields,  and  the 
results  are  not  conclusive  but  suggestive  of  facts  as  previously 
discussed  in  this  bulletin  and  as  experienced  by  many  farmers. 
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Table  No.  X.— a  Summary  of  Results  of  Elzperiments  in  Breakloff  and  Cropping  Sod  Land. 


Date  plowed. 

Depth 
plowed, 
inches. 

Crop  Of  1905. 

Crop  of  1900. 

Plot 
No. 

Kind. 

Yield,  per 
acre. 

1 

1906. 
Early  spring.. 

5 

2V4 
2H 
2H 

2V4 
2H 
2H 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

flax 

7.96  bu 

8.91 
14.80 
14.84 
10.90 

9.18 
14.11 
12.86 

8.09 

8.09 
6.96 
6.43 
8.82 
5.08 
8.84 
8.58 
4.87 
6.12 
14.21 
10.79 
9.28 
8.92 

4.66 
11.55 
11.79 

8.12 

8.23 
9.56 
11.45 
9.12 

10.45 
9.56 
9.34 
9.78 
11.56 
11.01 
10.01 
10.56 
9.12 
12.45 
11.12 
10.34 

J 

2 

fallow  ealtiTat«d.... 

©o 

8 

fallow  not  oiLltiTat«d. 
flax 

|.3 

4 

9  06  bu 

i 

5 

1904.    . 
Early  faU.... 

flax 

9.07  bu 

6....... 

fallow  enltiTatod... 

7 

fallow  not  enltlTatod. 
flax 

ff 

8 

7.50  bu 

6.08  bu 

9.21  bu 

5.88  bu 

14.72  bu 

80.97  bu 

11.10  bu 

80.10  bu 

4388  lbs 

14579  lbs 

4 .  10  bu 

1 

9 

1904. 
Late  fall 

flax 

^ 

s 

o 

10 

flax 

11 

i 

flax 

3 

12 

spring  wheat.... 

oats 

barley 

emmer 

18 

o 

14 

o 

15 

1 

16 

millet 

17 

cane* 

9 

18 

cow-peas* 

com* 

19 

82.72  bu 

13911  lbs.  green  wt. 

20 

Kafir* 

ST 

21 

flax 

( 

'Back-set  December  22nd.  7  Inches  deep. 

*Cane  sowed  in  close  drills;  cow-peas.  com.  and  Kafir  planted  in  rows  and  cultivated. 


Grass  as  a  Soil  Improver 

Formerly  the  chief  crop  of  the  western  plains  was  grass,  and 
grass  is  still  one  of  the  most  important  crops  of  the  West.  On  the 
hills  and  uplands,  where  nothing  else  will  grow,  buffalo-grass 
thrives,  furnishing  pasture  for  great  herds  of  cattle.  In  the  val- 
leys and  more  favored  locations,  bluestem  and  other  native  prairie- 
grasses  grow  readily,  producing  thousands  of  tons  of  prairie  hay 
annually.  The  Kansas  crop  alone  averages  from  five  to  six  million 
tons  a  year.  For  persistency  in  resisting  drouth  and  unfavorable 
conditions,  no  other  crop  can  compare  with  the  native  grasses  of 
the  western  prairies.  However,  one  of  the  great  problems  to  be 
solved  by  western  agriculturists  is  how  to  handle  these  grasses  so 
that  they  may  be  successfully  and  economically  propagated. 

Grass  is  a  soil-protector,  a  soil-renewer,  and  a  soil-builder. 
Covering  the  land  with  grass  is  nature's  way  of  restoring  fertility 
to  old,  worn-out  soil.  True  grasses  do  not  add  nitrogen  to  the  soU 
as  do  clover  and  alfalfa,  yet  they  are  nitrogen-gatherers.    They 
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collect  the  nitrogen  of  the  soil  and  store  it  up  in  their  roots,  and 
by  the  decay  of  these  roots,  humus  is  formed.  Thus  grasses  pre- 
vent the  waste  of  nitrogen  and  other  plant-food  elements,  protect 
the  soil,  and  maintain  its  fertility  and  tilth.  By  their  extensive 
and  penetrating  root-systems  may  grasses  tend  to  break  up  and 
to  deepen  the  soil,  thus  improving  its  texture  and  increasing  its 
moisture-holding  capacity.  The  roots  gather  the  mineral  plant- 
food  in  the  deeper  subsoil  and  store  it,  in  part,  in  the  great  fibrous 
root-growth  nearer  the  surface.  This  causes  an  increase  in  the 
supply  of  available  plant-food  in  the  soil  for  the  use  of  more  shallow- 
rooting  crops. 

When  the  prairie  is  first  liroken,  the  soil  is  mellow,  moist,  and 
rich,  producing  abundant  crops.  After  a  few  years  of  continuous 
cultivation,  the  physical  condition  of  the  soil  changes;  the  soil 
becomes  finer  grained,  more  compact,  and  heavier  to  handle.  It 
dries  out  more  quickly  than  sod  that  is  newly  broken,  and  often 
turns  over  in  hard  clods  when  plowed.  This  is  due  to  the  decay 
of  the  grass  roots,  and  to  the  exhaustion  of  the  soil  humus.  The 
grass  roots,  which  separated  the  soil  particles  and  yet  held  them 
together,  have  decayed,  and  as  a  result,  the  soil  tends  to  run 
together  and  become  very  sticky  when  wet.  When  such  soil 
dries,  the  adhesive  character  disappears  almost  entirely,  and  when 
loosened  by  the  plow  or  harrow,  it  easily  drifts  or  blows  away. 

The  perfect  tilth  and  freedom  from  clods  so  characteristic  of 
virgin  soils  is  more  or  less  completely  restored  whenever  land  has 
been  sown  to  grass  for  a  sufficient  length  of  time.  After  the 
ground  is  covered  with  sod,  washing  and  puddling  of  the  soil  by 
rain  is  prevented.  As  the  roots  grow,  the  soil  particles  are 
wedged  apart  and  rearranged,  and  thus  the  mellow,  open  char- 
acter of  virgin  soil  is  restored.  At  the  same  time,  through  the 
great  growth  of  the  roots,  which  form  humus  and  accumulate 
mineral  plant-food,  the  soil  is  made  more  fertile  for  succeeding 
crops. 

The  leguminous  crops,  such  as  clover  and  alfalfa,  are  not  equal 
to  grasses  as  soil  protectors,  but  are  superior  to  grasses  as  soil 
fertilizers,  since  they  increase  the  total  available  supply  of  nitro- 
gen in  the  soil.  This  is  due  to  the  action  of  bacteria  which  are 
found  on  the  roots  of  leguminous  plants,  and  which  take  free 
nitrogen  from  the  air  in  the  soil  and  make  it  available  for  the  use 
of  plants.  Moreover,  perennial  legumes,  such  as  clover  and  alfalfa, 
are  very  deep  feeders,  and  take  a  part  of  the  mineral  elements  of 
their  food  from  the  soil  below  the  depth  of  the  feeding  ground  of 
ordinary  crops.     Because  of  their  large  root-growth  in  the  surface 
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soil,  they  accumulajbe  a  supply  of  mineral  elements  of  plant-food, 
which  gradually  becomes  available,  as  the  roots  decay,  for  crops 
which  follow  the  leguminous  crops. 


Fig.  16.— Timothy. 

Botation  of  Crops  with  Grasses 

In  order  to  maintain  soil  fertility,  and  at  the  same  time  to 
secure  the  greatest  profit  in  farming,  a  practical  and  scientific 
rotation  of  crops  should  include  the  following: 

1.  Grasses  and  perennial  legumes. 

2.  Pasture,  with  the  addition  of  manure  for  one  or  two  years  previous  to 
breakin>!f  the  sod. 

3.  Inter-tilled  crops. 

4.  Small  grain  crops,  plus  green-manuring  crops  planted  in  the  stubble 
after  harvest. 

Small  grain  crops  must  be  grown  on  every  farm.  Often  they 
are  the  greatest  money-making  crops;  hence  they  must  be  given 
a  prominent  place  in  the  general  crop-rotation  system.  Inter- 
tilled crops,  also,  are  often  the  money-making  crops  of  the  farm, 
and  are  necessary  in  every  rotation  plan,  in  order  that  the  land 
may  be  cleared  of  weeds.  Especially  is  this  true  in  localities 
where  small  grains  form  the  main  crop,  for  by  continuous  grain- 
growing,  the  land  becomes  foul  and  weedy.    Cultivation  conserves 
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the  soil  moisture  and  develops  the  fertility  of  the  soil.  It  in- 
creases the  supply  of  available  plant-food  by  producing  those 
conditions  v^hich  favor  chemical  change,  the  grov^th  of  soil 
bacteria,  and  the  decay  of  vegetable  matter.  In  a  sense,  ^'tillage 
is  manure." 

Grasses  and  legumes  maintain  the  supply  of  soil  nitrogen  and 
restore  the  proper  soil  texture.  Besides,  they  are  profitable 
crops,  and  are  absolutely  necessary  on  every  farm  upon  which 
live  stock  is  kept.  Every  farm  must  have  its  pasture.  The 
pasture  should  be  made  a  part  of  the  regular  crop  rotation.  Many 
soils  become  too  light  and  mellow  by  continuous  cropping  and  need 
the  trampling  of  stock  to  restore  their  firmness.  Much  more 
grass  can  be  produced  when  pastures  are  kept  fresh  and  new, 
Q,nd  the  consequent  increase  in  fertility  and  improvement  of  soil 
texture  result  in  larger  crops  of  corn,  or  grain,  when  the  meadow 
is  again  under  cultivation. 

If  manure  is  applied  for  about  a  year  before  the  meadow  is 
broken,  it  will  stimulate  the  growth  of  grass,  causing  a  greater 
production  of  hay,  or  furnishing  better  grazing,  while  the  soil  is 
being  enriched  by  an  increased  root-growth  which  results  in  a 
larger  supply  of  humus.  Soils  in  which  organic  matter  and 
humus  are  deficient  may  be  improved  in  fertility  and  in  texture  by 
green-manuring.  A  cheap  and  practical  method  of  green-manur- 
ing is  to  plant  a  crop  adapted  to  this  purpose  in  the  grain  stubble 
immediately  after  harvest,  as  suggested  in  the  general  plan  for 
crop  rotation. 

It  is  necessary  in  carrying  out  permanent  systems  of  crop 
rotation  to  have  fields  of  nearly  equal  area,  in  order  to  grow  about 
the  same  acreage  of  the  several  crops  each  year.  In  this  way  it  is 
possible  to  keep  a  definite  amount  of  live  stock  and  to  have 
regularity  and  uniformity  in  farming  from  year  to  year. 

A  practical  system  of  crop  rotation  for  a  farm  of  160  acres,  di- 
vided into  eight  equal  fields,  is  as  follows: 

ROTATION  NO.  1 


The  Farm  Plan.  SbowiDir  Crops  on  All 
Fields  for  One  Year. 


Leffumes  and 
forage. 

Wheat. 

Wheat. 

Wheat. 

Wheat  plus 
legumes. 

Pasture 
(manured). 

Spring  grains 
(seed  to  grass). 

Clover  and 
grasses. 

Rotation  Plan,  or  Order  of  Crops  on 
Each  Field. 

1st  year-Grass  and  clover. 

2nd  year— Pasture  (manured). 

«rd  year— Wheat. 

4th  year— Wheat. 

5th  year -Legumes  and  forage. 

0th  year— Wheat. 

7th  year— Wheat  plus  legumes. 

8th  year— Spring  grains  (seed  to  grass). 


Digitized  by  VjOOQIC 


352 


Qrasaes 


[BuU.  175 


It  will  be  observed  that  the  crops  growing  on  the  eight  fields 
each  year  are  the  same  as  those  named  in  the  order  of  crops  on 
each  field  in  eight  years.  By  following  this  plan  of  rotation,  the 
farmer  will  raise  each  year  eighty  acres  of  wheat;  forty  acres  of 
grass,  twenty  acres  of  which  may  be  used  for  pasture;  twenty 
acres  of  small  grains  other  than  wheat;  and  twenty  acres  of 
forage  crops,  a  part,  at  least,  of  which  consists  of  annual  legume 
crops.  Each  year  twenty  acres  of  grass  land  is  given  a  dressing 
of  manure;  and  a  twenty-acre  field  of  wheat  is  renewed  in  fertility 
by  a  crop  of  cow-peas,  or  by  some  other  green-manuring  crop. 
In  the  course  of  eight  years  the  whole  farm  will  have  been  seeded 
to  grass  and  clover,  and  each  field  will  have  remained  in  grass  for 
two  years. 

ROTATION  NO.  2 

If  this  system  of  rotation  does  not  leave  the  land  in  grass  and 
clover  long  enough,  a  sixteen-year  rotation  may  be  preferred. 


Tbe  Farm  Flan.  Showinff  Crops  on  All 
Fields  for  One  Year. 


Forage  crops. 

Wheat. 

Small  grains  plus 
legumes. 

Wheat. 

Com. 

Pasture 
(manured). 

Small  grains 
(seed  to  grass). 

Clover  and 

grasses. 

Etotatlon  Plan,  or  Order  of  Crops  on 
Each  Field. 

1st  yeai^-Grass  and  doyer. 

2nd  year— Grass  and  clover. 

3rd  year— Pasture  (manured). 

4th  3  ear— Pasture. 

6th  year— Wheat. 

0th  year— Wheat. 

7th  year— Wheat. 

8th  year— Wheat  plus  legumes. 

9th  year— Forage  crops. 
10th  year— CJom. 
nth  year— Small  grains. 
ISth  year— Small  grains  i>lu8  legumes. 
13th  year— Forage  crops. 
14th  year— C3om. 
15th  year— Small  grains  plus  legumes. 
16th  year— Small  grains  (seed  to  grass). 

By  following  this  system  of  rotation,  the  160-acre  farm  will 
raise  each  year  forty  acres  of  wheat,  forty  acres  of  small  grains, 
twenty  acres  of  corn,  twenty  acres  of  forage  crops,  twenty  acres 
of  grass  for  meadow,  and  twenty  acres  of  grass  for  pasture.  If 
corn  is  preferred,  it  may  be  grown  in  place  of  wheat.  By  this 
sixteen-year  rotation,  there  are  always  two  fields  planted  to  grass, 
each  f(ir  a  period  of  four  years.  This  requires  that  one  field  be 
seeded  to  grass  every  two  years,  and  that  one  grass-field  be 
plowed  up  every  two  years  and  planted  again  to  wheat,  or  to  other 
crops.  Thus  it  requires  sixteen  years  for  the  whole  farm  to 
receive  a  rotation  of  grass  and  clover. 

ROTATION    NO.  3 

On  a  farm  which  has  permanent  pasture,  it  is  not  so  necessary 
to  use  grasses  in  rotation,  for  the  same  results  are  secured  by  the 
use  of  clover  and  alfalfa.  Clover  is  necessarily  used  in  short 
rotations,  since  it  produces  profitable  crops  but  two  years  in 
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succession.  Alfalfa,  however,  may  be  used  in  longer  rotations. 
Probably  four  years  is  as  long  as  alfalfa  may  be  used  profitably  as 
a  fertilizer.  The  following  is  a  sixteen-year  rotation  with  alfalfa, 
adapted  to  a  farm  with  four  fields  of  about  equal  area: 

A  Sixteen-Year  Etotation  with  Alfalfa.  Small  Qrains.  and  Corn  on  Four  Fields. 


YBAB. 

Field  A. 

Field  B. 

Field  0. 

Field  D. 

1910* 

SmaU  grain  (S).. 

Alfalfa  (M) 

Alfalfa 

Corn 

Com(M) 

Com 

1911 

SmaU  grain  (CO 
Corn(M) 

Com 

Com 

1912 

SmaU  grain  (CO 
Com<M) 

Com 

1918 

Alfalfa 

Com 

SmaUflrrain  (CO 

1914 

Alfalfa  (B) 

Com 

SmaU  grain  (S).. 

Alfalfa  (M) 

Alfalfa 

Corn 

SmaU  grain  (CO 
Com(M) 

Com  (M) 

1915 

Com 

1916 

Com 

SmaU  grain  (CO 

1917 

Small  grain  (CO 
Com  (M) 

Alfalfa 

Com 

Com  (M) 

1918 

Alfalfa  (B) 

Com 

SmaU  grain  (S).. 

Alfalfa  (M) 

Alfalfa 

Com 

1919 

Com 

Small  frain  (CO 

19S0 

Small  grain  (CO 
Com(M) 

Com 

SmaU  grain  (CO 
Com(M) 

Com  (M) 

1921 

Alfalfa 

Com 

19S2 

Com 

Alfalfa(B) 

Com 

SmaUffrain  CS).. 

19S3 

SmaU  grain  (CO 
Com  (M) 

Com 

Alfalfa  (M) 

1924 

SmaU  grain  (CO 
Com(M) 

Com 

SmaU  grain  (CO 
Com(M) 

Alfalfa 

19S5 

Com 

Alfalfa 

1986 

SmaU  grain  (S).. 
Alfalfa  (M) 

Com 

Alfalfa  (B) 

1927" 

SmaU  grain  (CO 

Com 

Com 

*It  is  assumed  that  this  farm  has  been  cropped  largely  with  com  and  smaU  grains  and  has 
received  lictle  rotation  of  crops.  No  alfalfa  is  growing  on  the  farm  in  1910,  when  field  "A"  is 
seeded.    The  rotation  really  begins  in  1911. 

"Observe  that  this  is  a  repetition  of  1911  crops:  viz..  this  rotation  is  repeated  every  sixteen 
years,  each  of  the  four  fields  having  received  a  rotation  of  four  years  in  alfalfa. 

(S)— Seed  to  alfalfa  in  (all.  (B)  -Break  alfalfa  sod.  (This  should  properly  be  done  in  the 
spring  when  the  new  catch  of  alfalfa  by  fall  seeding  is  assured.)  (CO— Catch  crop  or  green- 
manuring  crop,  planted  in  the  stubble  after  the  small  grain  is  harvested.  (M)— A  dressing  of 
barnyard  manure  appUed  in  the  f aU  and  winter  as  a  surface  dressing  on  the  alfalfa  field  or 
spread  on  com  stubble  land  and  plowed  under  previous  to  planting  the  foUowing  crop  of  com. 

This  plan  of  rotation  is  really  a  three-year  rotation  on  three 
fields,  one  of  the  four  fields  being  kept  in  alfalfa  as  shown  in  the  plan. 
The  order  of  the  rotation  on  each  field  is  cjorn,  followed  by  cjorn, 
followed  by  small  grain ;  thus,  two  fields  of  corn,  one  of  small  grain, 
and  one  of  alfalfa,  are  grown  on  the  farm  each  ye^r.  At  the  end 
of  four  years,  the  field  of  alfalfa,  which  has  not  been  included  in 
the  three-year  rotation,  is  plowed  and* planted  to  corn  the  suc- 
ceeding season.  One  of  the  three  fields  which  has  been  in  the 
regular  rotation  is  seeded  to  alfalfa  and  comes  out  of  the  regular 
three-year  rotation  plan,  remaining  in  alfalfa  for  four  years.  Then 
this  field  is  plowed  and  planted  to  corn  and  becomes  one  of  the^ 
fields  in  the  three-year  rotation  series,  while  another  field  which 
has  been  seeded  to  alfalfa  comes  out  of  the  regular  three-year 
rotation. 

It  will  be  observed  that  such  a  plan  may  be  followed  with  five, 
six,  or  more  fields.  With  four  fields,  by  the  method  described, 
one  fourth  of  the  farm  is  kept  continually  in  alfalfa,  the  alfalfa 
fields  changing  every  four  years.  This  requires  sixteen  years  for 
all  the  fields  to  be  rotated  with  alfalfa.  With.five  fields,  one  fifth 
of  the  farm  will  be  in  alfalfa  each  year,  and  it  would  require 
twenty-five  years  for  the  rotation  to  be  carried  out  on  all  the  fields. 
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ROTATION    NO.  4 

The  Farm  Flan  Showiog  Crops  on  all  Rotation  Plan  or  Order  of  Crops  on 

Fields  for  One  Year.  Eaeb  Field. 

1st  year— Clover. 

Snd  year— Clover. 

3rd  year— Com. 

4th  year— Com  and  legumes. 

5th  year— Small  flrrain. 

6th  year— Wheat  (seed  to  mas). 


Clover. 

Com  and  legumes. 

Clover 

Small  grains. 

Com. 

Wheat  (seed to 
grass). 

The  above  is  a  six-year  rotation  with  clover,  adapted  to  a  farm 
vsrith  six  fields. 

Rotation  No.  5  is  well  adapted  to  a  farm  which  carries  a  large 
amount  of  live  stock  where  pasture  as  well  as  alfalfa  is  required 
in  rotation  with  small  grain  and  corn.  This  is  a  sixteen-year 
rotation  plan  adapted  to  a  farm  with  eight  fields.  It  will  be 
observed  that  four  fields,  or  one  half  of  the  farm,  is  always  in 
alfalfa  or  in  grass,  but  o<3casionally  there  may  be  only  one  field  in 
alfalfa  and  three  in  grass,  or  vice  versa  (see  plan).  This  is  the 
result  of  the  arrangement  by  which  the  seeding  and  the  breaking 
of  grass  and  alfalfa  sod  is  made  to  come  on  alternate  years  in 
order  to  distribute  the  work  evenly  from  year  to  year.  The  plan 
could  readily  be  changed  so  that  the  crops  would  be  regular,  with 
two  fields  of  alfalfa  and  two  fields  of  grass  each  year,  but  this 
would  require  breaking  two  fields  every  other  year,  one  of  alfalfa 
and  one  of  grass.  This  farm  would  always  have  two  fields  of  corn 
and  two  fields  of  small  grain.  If  it  were  preferable,  corn  or  some 
other  crop  instead  of  small  grain  might  be  grown  on  one  of  these 
fields  each  year  previous  to  the  year  in  which  the  land  is  seeded 
to  grass  or  alfalfa. 

If  this  plan  of  rotation  is  suc<3essf ully  (tarried  out,  each  of  the 
eight  fields  in  the  farm  will  have  been  in  alfalfa  four  years  and  in 
grass  four  years  at  the  end  of  sixteen  years  of  cropping.  During 
this  period  the  whole  farm  will  have  been  manured  twice.  Mean- 
while, four  fields  will  have  produced  each  year  crops  of  corn  and 
grain,  and  there  is  little  question  but  that  a  farm  thus  managed 
and  properly  stocked  may  be  even  more  fertile  at  the  end  of  six- 
teen years  than  it  was  at  the  beginning.  It  is  the  judgment  of  the 
writer  that  a  farm  upon  which  crops  are  thus  carefully  rotated  will 
produce  more  bushels  of  grain  in  a  series  of  years  at  a  less  cost  p>er 
bushel  than  may  be  secured  if  practically  all  of  the  land  on  the 
farm  is  kept  continually  in  grain  crops.  The  alfalfa,  grass,  and 
other  soil-maintaining  crops  on  the  farm  will  yield  an  additional 
incjome.    With  the  live  stock  which  may  be  produced  on  the  farm. 
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an  additional  profit  may  accrue  to  the  farming  business.  Mean- 
while,  by  such  a  system  of  farming,  the  soil  of  this  farm  may  be- 
come more  fertile  and  more  capable  of  producing  large  crops  of 
com  and  grain;  while  by  the  continuous  cropping  system,  it  would 
become  largely  depleted  in  fertility. 


Improvement  of  Grasses 

Up  to  the  present  time  very  little  has  been  done  in  the  way  of 
breeding  or  of  improving  grasses.  The  native  grasses  of  the  West 
thrive,  there  by  Nature's  breeding  and  selection  and  not  by  the 
hand  of  man.  The  testing  of  varieties  of  grasses  to  determine 
their  adaptation  to  soil  and  to  climatic  conditions  is  the  first  step 
toward  the  improvement  of  the  grasses  in  any  locality.  The  im- 
provement work  with  other  crops,  such  as  wheat  and  com,  has 
shown  that  even  the  varieties  which  are  hardiest  and  best  adapted 
to  a  given  soil  and  climate,  may  be  still  further  improved  in  yield 
and  in  hardiness  by  a  method  of  selection  and  testing  which  dis- 
covers the  superior  individuals  which  may  be  made  the  foundation 
stock  for  new  strains  or  improved  varieties.  This  work  has  been 
just  begun  with  the  cereal  grains,  but  with  remarkable  results, 
and  there  is  no  reason  why  similar  improvement  may  not  be  made 
-mth  grasses  by  similar  methods  of  selection  and  breeding. 

Each  kind  of  grass  as  ordinarily  sown  by  the  farmer  consists 
in  reality  of  a  number  of  more  or  less  distinct  varieties  mixed 
together.  With  the  usual  methods  of  securing  grass-seed,  there 
is  no  opportunity  to  separate  these  varieties ;  but  if  the  seed  from 
different  heads  or  from  different  plants  is  planted  in  separate  rows 
or  plots,  then  pure  and  superior  strains  may  be  propagated.  In 
fact,  enough  work  along  this  line  has  already  been  accomphshed 
to  show  valuable  results.  Dr.  A.  D.  Hopkins,  at  the  West  Virginia 
Experiment  Station,  has  produced  a  number  of  different  varietal 
types  of  timothy  by  this  method  of  head-row  breeding.  In  a 
similar  manner.  Professor  Leckenby,  of  the  Eastern  Oregon  Ex- 
periment Station,  has  isolated  twenty-two  different  varieties  of 
Bromus  inermis  as  distinct  in  their  agricultural  characteristics  as 
are  the  ordinary  varieties  of  wheat.  At  the  Kansas  Station,  work 
of  this  character  is  being  undertaken  with  Bromus  inermis  and 
timothy.  It  is  probable  that  each  of  the  valuable  standard  grasses 
may  be  separated  into  varieties,  some  of  which  will  show  a  marked 
improvement  over  the  ordinary  mixture  of  varietal  types. 

This  breeding  work  requires  technical  knowledge  and  much 
time  and  patience  in  order  to  establish  the  new  strains  and  vari- 
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etal  types.  The  work  really  belongs  to  the  specialist  and  to  the 
experiment  stations,  but  the  farmer  may  assist  greatly  in  an  im- 
portant phase  of  the  grass-improvement  work  by  bringing  under 
•cultivation  some  of  the  more  valuable  wild  grasses.  If  farmers  in 
different  portions  of  the  State  would  persistently  gather  the  seed, 
and  plant  and  cultivate  these  wild  grasses,  the  result  would  shortly 
be  the  development  of  improved  domesticated  varieties.  The 
mere  growing  of  these  wild  plants  under  more  favorable  cultural 
<K>ndit]ons  should  cause  a  general  improvement  of  the  grass  and 
may  develop  individual  plants,  which,  if  observed,  separated,  and 
propagated,  might  become  the  founders  of  a  new  and  better 
variety. 

Characteristics  of  Some  Important  Grasses 

In  this  discussion  of  several  important  grasses,  mention  will  be 
made  mainly  of  the  special  characteristics,  culture,  and  uses  of 
the  grasses  discussed. 

Timothy 

Timothy  {Phleum  pratense),  also  called  Herd's  Grass,  is  a  native 
of  America,  indigenous  to  the  New  England  states.  It  is  said  to 
liave  been  discovered  and  brought  to  notice  in  the  middle  of  the 
eighteenth  century  by  one  Timothy  Herd,  of  New  Hampshire; 
hence,  the  name.  It  is  a  perennial  grass  which  grows  in  stools,  or 
tiUers,  and  does  not  spread  from  the  root,  but  readily  thickens  by 
re-seeding  under  favorable  conditions,  forming  a  nearly  perfect 
«od.  The  stems  are  upright  with  few  leaves  and,  unless  thickly 
:80wn,  the  grass  forms  coarse,  stemmy  hay.  It  grows  to  a  height 
of  from  two  to  four  feet,  according  to  conditions,  and  is 
surmounted  by  a  spike  two  to  ten  inches  long.  When  in  full  bloom 
:a  field  of  timothy  is  an  attractive  sight. 

The  root-growth  of  timothy  is  both  bulbous  and  fibrous.  The 
fibrous  character  is  relatively  greater  in  moist,  sandy  soils.  As 
shown  in  the  sample  (see  Fig.  8),  the  roots  may  reach  to  a 
depth  of  several  feet,  though  the  grass  is  generally  considered  a 
surface  feeder.  (Perhaps  this  grass  roots  more  deeply  in  Kansas 
soil— see  Pig.  18.) 

ADAPTATION  AND  USES 

Timothy  easily  ranks  first  as  the  great  standard  hay-grass  of 
America.  Its  general  use  and  extensive  cultivation  arises  in  part 
from  the  wide  range  of  its  adaptation,  but  more  from  its  many 
^ood  qualities.    It  is  easily  grown,  cured,  and  transported;  it 
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seeds  abundantly,  and  the  seed  is  easily  saved.  Timothy  hay  has 
an  attractive  appearance  and  is  highly  palatable  and  very  nntri- 
tious.  It  has  been  found  to  be  especially  adapted  to  the  needs  of 
horaes.  For  cattle  and  sheep,  a  combination  of  timothy  and  clover 
is  preferable  to  timothy  alone. 

Timothy  requires  a  temperate  climate  and  a  moist,  fertile  soil. 
It  is  well  suited  to  river-bottom  lands  rich  in  humus,  and  thrives 
well  in  prairie  loam  and  even  in  stiff  clay  soils  which  are  well 
watered.  Dry,  sandy  soils  and  soils  low  in  fertility  are  poorly 
adapted  to  the  growing  of  timothy.  Timothy  succeeds  well  in  east- 
ern and  southeastern  Kansas,  and  in  portions  of  central  and  south- 
central  Kansas  it  may  be  recommended  under  favorable  conditions. 
While  timothy  is  essentially  a  hay  grass,  it  may  be  used  for  iiastnre. 
It  is  easily  injured  by  the  trampling  of  cattle  and  by  close  grazing, 
and  hence  is  not  considered  one  of  the  best  pasture  grasses. 
However,  for  pasture,  it  is  often  advisable  to  seed  it  in  combina- 
tion of  other  grasses  and  clover. 

SEEDING  AND  RENEWING 

Timothy  is  preferably  sown  with  clover  for  meadow,  the  Alsike, 
mammoth  clover  or  medium  red  clover  being  preferred  according 
to  soil  conditions,  to  the  use  which  is  to  be  made  of  the  hay,  and 
to  the  preference  of  the  grower.  Alsike  clover  and  timothy  should 
be  preferred  on  wet  land ;  also,  to  produce  a  fine  quality  of  hay  for 
feeding  sheep  or  young  stock.  Mammoth  clover  and  timothy 
mature  at  about  the  same  time  and  are  well  suited  for  growing 
together  where  each  thrives  well,  but  the  combination  makes  a 
rather  coarse,  unpalatable  hay.  Medium  red  clover  is  more  often 
seeded  with  timothy  than  are  the  other  clovers.  This  combination 
makes  an  excellent  crop  even  though  the  medium  red  clover  does 
mature  a  little  earlier  than  the  timothy.  The  writer  would  usually 
recommend  to  seed  medium  red  clover  with  timothy  in  central  and 
in  southern  Kansas,  since,  in  a  favorable  season,  timothy  may 
make  two  cuttings  the  same  as  medium  red  clover.  A  good 
second  cutting  from  Alsike  or  from  mammoth  clover  is  seldom 
secured. 

Timothy  may  be  sown  either  early  in  the  spring  or  early  in  the 
fall.  Prefer  to  seed  clover  and  timothy  in  the  spring  and  do  not 
seed  with  a  nurse-crop  in  the  fall.  If  the  grass  is  sown  a)one  in 
August  or  in  early  September  and  starts  well,  it  should  produce  a 
fair  crop  of  hay  the  following  season. 
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Fig.  18.— Orcbard-ffrasfl. 


Pig.  17.— Timothy  roots. 
Sample  taken  July  S,  1909.  six 
years  after  see<Ung. 

A  field  of  timothy  may  be  maintained  for  ten  years  or  more  and 
return  profitable  yields  by  growing  it  with  clover  or  by  manuring 
and  fertilizing  the  field.     If  the  grass  becomes  thin  or  weedy,  add 
at  intervals,  preferably  early  in  the  spring,  a  little  seed  both  of 
timothy  and  of  clover.    Usually,  enough  seed  of  both  clover  and 
timothy  will  shell  out  to  maintain  the  stand,  especially  if  an  occa- ' 
sional  crop  is  harvested  for  seed.    Timothy  does  not  form  a  very ' 
tough  sod.    The  sod  may  be  broken  readily  either  in  late  summer ' 
or  in  early  spring  and  the  land  planted  with  wheat,  corn,  or  other 
grain-crops.     Care  should  be  taken  to  disc  and  to  harrow  the  sod  ' 
well  in  order  to  put  it  in  a  well-pulverized  condition  before  plant-  • 
mg. 
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Orchard-Grass 

Orchard-grass  (Dactylis  glomerata)  is  a  native  of  Europe,  but  has 
become  very  widely  distributed  and  is  now  grown  throughout  the 
countries  of  Europe,  Western  Asia,  Northern  Africa,  and  in  many 
parts  of  North  America.  It  is  successfully  grown  in  the  eastern 
half  of  this  State,  but  is  not  adapted  to  dry -land  conditions.  It  is 
a  hardy  perennial  grass,  but  not  so  good  a  cold  or  drought  resister 
as  Bromus  inermis,  though  it  is  grown  successfully  farther  south. 


Fio.  19.— Cutting  the  Orohard-grass  for  bay,  June  15.  1900.  This  plot  was  seeded  in  the 
spring  of  J 906. 

Orchard-grass  is  essentially  a  moist-climate  grass,  but  it  will  stand 
more  drought  than  will  meadow  fescue  or  Kentucky  blue-grass. 

Next  to  brome-grass,  it  is  one  of  the  earliest  grasses  to  start 
in  the  spring  and  grows  very  rapidly.  It  reaches  maturity  in 
May  or  in  early  June,  even  earlier  than  Kentucky  blue-grass.  Its 
habit  is  to  grow  in  bunches  or  tufts  unless  sown  thickly.  How- 
ever, this  grass  will  soon  thicken  up  in  a  pasture  by  self- seeding. 
In  the  course  of  three  or  four  years,  it  will  form  a  dense  growth 
and  a  very  thick  sod.  If  allowed  to  seed  occasionally,  it  will  even 
thicken  up  in  a  meadow  in  the  same  way.  Due  to  its  self-seeding 
habit,  orchard-grass  is  a  more  nearly  permanent  grass  than  is 
meadow  fescue,  and  it  often  continues  to  improve  in  stand  and  in 
productiveness  for  several  years  after  seeding.  It  is  a  very  hardy 
grass  under  favorable  conditions;  meadows  have  been  reported 
as  producing  good  crops  for  a  dozen  years. 
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Orchard-grass  is  particularly  well  adapted  to  grow  in  the 
shade,  and  is  often  grown  in  orchards.  It  is  an  excellent  pasture 
grass  when  rightly  managed.  It  ranks  high  in  nutritive  value,  but 
is  not  relished  by  live  stock  so  well  as  Kentucky  blue-grass  or 
Bromus  inermis.  It  grows  large  stems  very  quickly  and  becomes 
tough  and  unpalatable,  hence  requires  mowing  to  start  a  new 
growth.     It  makes  good  hay  when  cut  early,  but,  owing  to  the 


Fig.  80.—  Meadow  Fescue. 

quickness  with  which  it  matures,  it  is  apt  to  become  too  mature 
before  cutting,  when  it  makes  a  coarse,  bulky,  and  unpalatable 
hay.  For  these  reasons  it  has  never  become  very  popular  as  a 
hay  grass. 

Meadow  Fescue 

Meadow  fescue  {Festuca  pratensis),  usually  known  as  "English 
blue-grass"*  in  Kansas,  is  indigenous  to  Europe  and  Western 
Asia.  It  is  much  grown  in  Great  Britain  and  in  Northern  Europe, 
and   is   a  hardy   perennial  grass,  well  adapted  to  endure  low 

^There  is  do  good  reason  for  this  name,  other  than  that  the  srrass  is  (nrown  largely  in 
England  for  pasture  and  for  meadow.  It  seems  desirable,  therefore,  to  call  the  grass  by  its 
proper  name.  "  meadow  fescue ." 
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temperatures.  It  may  also  endure  warm  climates,  as  shown  by 
its  successful  culture  in  the  South,  where  it  is  especially  valuable 
for  winter  pasture.  It  is  a  moisture-loving  grass  and  is  not  well 
adapted  to  dry  climates. 

Meadow  fescue  is  grown  successfully  in  the  area  south  of  the 
Kansas  river  and  extending  west  from  the  Missouri  line  about 


Fig.  S8.~J9romiM  inerndt. 
Pig.  21.— Meadow  Fes- 
cue roots.    Sample  taken 
June  S4, 1909,  three  years 
after  seeiling. 

one  hundred  miles.  It  thrives  best  on  the  fertile  and  heavier 
soils,  although  it  is  grown  largely  on  the  slopes  and  uplands.  In 
eastern  Kansas  it  wiU  grow  well  on  any  good  corn  land. 

Meadow  fescue  is  a  tufted  grass  more  spreading  in  habit  than 
orchard-grass,  but  not  so  rank  nor  so  rapid  a  grower.  It  obtains 
its  best  development  the  second  or  third  year  after  seeding.  In 
some  of  its  features  it  resembles  the  Kentucky  blue-grass.  The 
leaves  have  a  bluish  tint  and  the  stems  are  rather  stiff  and  wiry, 
but  the  panicle  of  the  head  is  narrower  and  less  open  than  that  of 
the  Kentucky  blue-grass.     Meadow  fescue  blooms  later  than  the 
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blue-grass,  but  the  blades  start  early  in  the  spring.  The  quantity 
of  forage  is  not  great,  but  the  grass  is  rich  in  nutrients  and  well 
liked  by  stock  both  as  pasture  and  as  hay.  The  hay,  unless  cut 
early,  is  apt  to  be  a  little  tough  or  woody.  This  grass  usually 
produces  stems  only  once  in  a  season,  but  produces  a  great  after- 
math of  foliage  in  favorable  seasons,  which  remains  green  late 
into  the  fall  and  winter,  furnishing  excellent  pasture. 


Fio.  22.— Variety  plot  of  Meadow  Fescue.  June.  1004.  just  before  cutting  for  hay.  Grass 
was  seeded  in  the  spring  of  1803. 

In  Kansas  the  grass  is  grown  especially  for  its  seed,  Kansas 
supplying  about  seventy-five  per  cent,  of  the  total  amount  of  seed 
produced  in  the  United  States.  Johnson  county,  Kansas,  leads  in 
the  production  of  meadow  fescue  seed.  This  seed  finds  a  ready 
sale  in  European  countries,  where  it  is  sown  for  meadow  and  for 
pasture.  The  price  is  regulated  by  the  supply  and  the  foreign 
demand,  and  has  ranged  from  two  to  ten  cents  per  pound.  The 
largest  seed  crop  produced  in  Kansas  was  harvested  in  1896  and 
was  estimated  at  3,360,000  pounds.  The  yield  of  seed  for  the  first 
three  or  four  years  after  planting  averages  from  six  to  twelve 
bushels  per  acre  ( twenty-four  pounds  per  bushel),  although  yields 
of  from  fifteen  to  twenty  bushels  have  been  reported.  In  from 
three  to  five  years  the  grass  makes  a  less  vigorous  growth  and 
the  yield  of  seed  decreases.  The  practice  is  to  plow  the  sod  at  the 
end  of  the  fourth  year  and  to  rotate  with  corn  or  other  crops  for 
a  few  years  before  the  field  is  again  seeded  to  grass. 

The  fact  that  meadow  fescue  has  proven  to  be  a  profitable  crop 
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when  grown  for  seed,  has  perhaps  caused  it  to  be  valued  more 
highly  for  pasture  and  as  a  hay  grass  than  it  really  deserves.  It 
appears  that  meadow  fescue  is  not  so  extensively  adapted  to  con- 
ditions in  this  State  as  are  orchard-grass  and  Bromus  inermis.  It 
is  less  permanent,  and  less  valuable  for  pasture,  than  either  of 
these  grasses,  while  timothy  exceeds  it  as  a  hay  grass  in  that  sec- 
tion of  the  State  where  meadow  fescue  grows  best. 

Eussian  Brome-Grass 

Russian  brome-grass  (Bromus  inermis),  also  known  as  Austra- 
lian, or  Hungarian,  brome  and  as  smooth,  or  awnless,  brome,  is  a^ 
native  of  Asia  and  of  Europe,  where  it  has  been  cultivated  for 
more  than  a  century.  Introduced  into  the  United  States  in  the 
early  eighties,  it  has  become  widely  distributed  throughout  the 
northern  and  western  part  of  our  country,  thriving  well  in  the 
northern  states  and  succeeding  well  in  the  West  under  dry- 
farming  conditions.  It  is  a  very  hardy  grass,  resisting  both  cold 
and  drought,  but  it  will  grow  well  and  produce  good  crops  only  in 
fertile  soil  and  with  a  moderate  supply  of  moisture.  It  does  not 
succeed  well  in  a  hot  climate,  central  Kansas  being  about  the 
southern  limit  for  the  profitable  growing  of  Bromus. 

Bromus  inermis  is  a  perennial  grass  spreading  by  underground 
root-stems  which  produce  numerous  shoots  and  a  very  dense 
fibrous  growth  of  roots  that  often  fill  the  soil  completely  to  a  depth 
of  five  or  six  feet.  It  thickens  very  rapidly,  even  though  the  stand 
may  be  thin  at  first,  and  soon  forms  a  very  tough,  thick  sod.  The 
stems  are  numerous,  reaching  a  height  of  from  three  to  four  feet 
under  favorable  conditions,  but  often  the  growth  in  height  is  much 
less.  The  leaves  are  numerous  and  large,  furnishing  a  dense 
mass  of  foliage  which  completely  covers  and  shades  the  ground. 
These  large  leaves  add  greatly  to  its  value  for  hay  and  for  pasture. 
The  fully  developed  head  is  a  spreading,  open  panicle  averaging 
from  four  to  six  inches  in  length,  though  the  head  may  be  longer 
or  entirely  wanting  when  the  grass  is  old  and  very  thick.  Brome- 
grass  makes  good  hay,  but  it  is  essentially  a  pasture  grass,  live 
stock  of  all  kinds  are  fond  of  it  and,  under  favorable  conditions,  it 
will  furnish  continuous  grazing  from  early  spring  until  late  in  the 
autumn.  In  this  respect,  when  Bromus  inermis  is  in  its  prime,  it 
exceeds  aJl  other  grasses.  Its  fault  is  that  it  thickens  rapidly, 
becoming  sod-bound  to  such  an  extent  that  its  growth  is  checked 
in  from  three  to  five  years. 

As  a  hay  grass  Bromus  is  equal  to  timothy  in  feeding  value,  but 
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timothy  exceeds  it  in  commercial  value.  Also,  timothy  exceeds  it 
in  yield  and  in  permanency  in  localities  to  which  the  two  grasses 
are  equally  well  adapted.  Bromus  exceeds  timothy  in  hardiness 
and  in  drought  resistance,  and  it  may  be  grown  successfully  on 
the  Western  Plains  where  the  annual  rainfall  does  not  exceed 
twelve  to  fifteen  inches.  Under  such  conditions,  however,  it  is 
much  less  productive.  It  lives  under  dry  conditions  that  would 
destroy  many  other  grasses,  and  when  the  rains  come  it  will  start 
again  vigorously.  Its  great  drought  resistance  is  doubtless  due 
in  part  to  its  extensive  and  deep  root- growth.     (See  Fig.  25) 

Compared  with  other  important  grasses,  Bromus  inermis  suc- 
ceeds well  on  the  lighter,  sandier  soils  and  drier  lands;  but,  like 
other  grasses,  it  grows  better  on  deep,  rich,  fertile  loam  well 
supplied  with  moisture.  The  grass  may  be  sown  either  early  in 
the  fall  or  early  in  the  spring,  preferably  with  alfalfa  or  with 
clover.  It  is  somewhat  difficult  to  sow  on  account  of  the  large 
size  and  light  weight  of  the  seed.  It  is  usual  to  sow  Bromus 
inermis  broadcast,  by  hand,  since  the  seed  is  very  light  and  is  sown 
with  difficulty  with  the  drill  or  grass  seeder.  Certain  of  the 
wheelbarrow  seeders,  however,  have  a  specialbox  attachment  for 
seeding  Bromus  inermis.  It  is  possible  also  to  sow  Bromus  inermis 
with  a  common  grain  drill.  To  do  this  it  is  necessary  to  place  a 
shaker  in  the  bottom  of  the  seed  box.  The  shaker  is  made  in  this 
manner:  Nail  together  two  narrow  strips  of  inch  board  in  the 
bottom  of  the  seed  box,  splicing  them  in  the  center;  drive  two  ten- 
penny  nails  through  this  board  into  each  seed  cup ;  attach  to  the 
middle  of  the  board  a  handle  which  reaches  to  the  top  of  the  box. 
Put  only  a  small  amount  of  seed  into  the  box  at  one  time.  With  a 
boy  working  this  handle  to  prevent  the  seed  from  clogging  the 
drill,  it  is  possible  to  do  a  fairly  even  job  of  seeding. 

Another  method  of  seeding  is  to  mix  the  Bromus  inermis  seed 
with  oats  so  as  to  sow  about  one  bushel  of  oats  per  acre  with  the 
required  amount  of  Bromus  inermis  seed.  On  light  soils  which  are 
inclined  to  drift  with  the  wind,  oats  serves  to  protect  the  soil  from 
the  force  of  the  wind.  The  oats  should  be  cut  early  for  hay  in 
order  that  the  young  grass  plants  may  not  be  destroyed  by 
drought  or  by  shading.  The  method  of  drilling  in  the  seed  is 
often  perferred  in  light  soil  and  in  a  dry  climate.  Asa  rule,  the 
seed  should  not  be  covered  over  one  half  of  an  inch  to  one  inch 
deep.  If  the  ground  is  dry  when  the  seed  is  sown,  rolling  may 
be  beneficial,  but  the  harrow  should  follow  the  roller. 

It  is  very  important  to  test  Bromus  insrmis  seed  and  to  be  sure 
that  it  will  germinate.     Much  impure  and  poor  Bromus  inermis 
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seed  has  been  sown.  With  good  seed  and  under  reasonably 
favorable  conditions,  Bromus  inermis  is  not  an  especially  hard 
grass  to  start.  When  once  established,  it  is  very  hardy  and,  as 
stated,  it  tends  to  become  thicker  from  year  to  year. 

Bromus  inermis  should  not  be  considered  as  a  permanent  pas- 
ture grass  or  as  meadow  grass.     It  is  rather  a  grass  to  be  used 


Fig.  2A.—BrofnuB  inermit  roots  on  the 
riffbt.  Sample  taken  June 80. 1903.  show- 
ing root  development  three  years  after 
seedinir.  Orchard-irrass  roots  on  the  left. 
Sample  taken  June  27. 1908.  showinff  de- 
velopment of  roots  from  one  plant  or 
stool  two  or  three  years  after  seeding. 

in  rotation  with  other  crops.  It  is  usually  preferable  to  re-seed 
new  fields  every  three  or  four  years,  plowing  the  old  fields  and 
planting  them  to  corn  or  to  other  crops.  It  is  possible  to  renew 
the  growth  of  Bromus  inermis  after  it  has  become  old  and  sod- 
bound  by  partially  breaking  the  sod  and  by  discing  thoroughly  to 
level  the  field.  The  writer  has  tried  this  method  and  has  also 
tried  very  thorough  discing  of  the  sod,  with  fairly  favorable  results. 
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The  ^rass  was  renewed  in  ^p^wth  within  a  year  or  two,  and  pro- 
dnced  fairly  good  yields  again;  but  the  renewing  in  this  way  took 
a  longer  time  and  proved  to  be  more  expensive  than  the  new  seed- 
ing of  another  field.  Hence  it  is  usually  more  desirable  to  seed 
other  land  rather  than  to  attempt  to  renew  an  old  meadow  or 
pasture  of  Bromus  inermia. 


Pig.  S.— Variety  plot  of  Broimu  ittermit  Jane  SS.  19QI.  just  before  the  crop  was  cut  for  hay. 
Seeded  in  the  spiinc  of  1908. 

Brome-grassis  very  persistent  and  somewhat  difficult  to  destroy 
when  it  is  once  well  established,  but  farmers  need  not  fear  it  on 
this  account  since,  by  proper  methods,  it  may  be  readily  and  fully 
eradicated.  Prefer  to  break  Brome-grass  sod  late  in  the  summer 
or  early  in  the  &11.  Plant  this  field  with  an  inter-tilled  crop  the 
succeeding  year.  Give  the  new  crop  thorough  cultivation.  This 
method  used  at  the  Kansas  Elxperiment  Station  has  practically 
eradicated  the  grass  in  a  single  season. 

Western  Eye-Grass 

Western  rye-grass  {Agropyron  tenerum)  is  a  native  American 
grass,  the  famous  bunch-grass  of  the  bunch-grass  ranges  of  the 
Canadian  northwest.  It  is  one  of  the  hardiest  perennial  grasses, 
and,  according  to  Professor  Shaw,  none  of  the  cultivated  grasses 
excel  it  for  growing  under  dry  conditions,  and  no  amount  of  cold 
seems  to  injure  this  grass.  It  is  superior  to  Bromus  inermis  in 
this  respect,  but  it  is  not  well  adapted  to  a  hot  chmate,  and  does 
not  thrive  so  well  in  western  Kansas  as  it  does  in  the  states 
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farther  north.  This  grass  was  first 'grown  under  cultivation  and 
brought  to  public  notice  in  the  early  eighties  by  Kenneth  Mclvor, 
Verben,  Manitoba,  Canada. '  It  has  been  rapidly  introduced  as  a 
cultivated  grass  throughout  the  northwest,  and  is  considered  one  of 
the  most  valuable  hay  and  pasture  grasses  in  the  drier,  colder 
sections  of  the  United  States  and  Canada. 

Western  rye-grass  resembles  somewhat  the  rye  plant,  but  it 
has  a  long,  slender,  smooth  head  more  like  that  of  wheat,  and  is 
known  also  as  slender  wheat-grass.    It  is  the  only  grass  among 


Fio.  S6.— Kentucky  Blue-ffrass. 

"hundreds  of  species  or  varieties  growing  wild  on  the  prairies  of 
the  West  and  Northwest  which  has  as  yet  been  domesticated.  On 
the  range,  it  grows  in  height  from  twelve  to  eighteen  inches;  but 
under  cultivation,  with  favorable  conditions,  its  height  may  reach 
three  or  four  feet.  Each  stool,  or  tiller,  produces  many  leaves  and 
several  stems.  These  grow  erect  and  bear  heads  six  inches  or 
more  in  length.  No  study  has  been  made  of  the  roots  of  this  grass 
:at  this  Station,  but  the  roots  are  fibrous  in  character,  abundant, 
And  extend  deep  into  the  soil. 

Western  rye-grass  starts  rather  slowly  in  the  spring  and  ceases 
:growth  early  in  the  autumn,  but  it  is  a  good  late  spring  and  sum- 
mer grass  for  pasture.    This  grass  makes  good  hay  and  outyields 
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Bromua  inermis  where  the  two  are  equaUy  well  adapted.  The  hay 
is  easily  handled,  and  it  is  readily  eaten  by  stock  if  cut  before  it 
lias  become  too  mature.  It  is  a  great  producer  of  seed,  and  the 
«eed  is  easily  sown.  Western  rye-grass  may  have  considerable 
^alue  in  western  Kansas  in  re-setting  the  older  tilled  lands  with 
^rass  to  prevent  soil-drifting  and  to  restore  the  soil  humus.  It  is 
•doubtful,  however,  whether  the  grass  is  so  hardy  or  so  well 
adapted  for  growing  in  western  Kansas  as  are  the  native  prairie 
tgrasses,  such  as  the  buffalo-grass  and  bluestem.  Other  rye- 
grasses, such  as  perennial  rye-grass  (Solium  Pererme)  and  Italian 
irye-grass  {Solium  Italicum\  have  little  value  in  this  State. 

Kentucky  Blue-Grass 

Kentucky  blue-grass  {Poa  prateTms),  with  two  or  three  of  its 
allied  varieties,  is  the  greatest  American  pasture  grass,  and  it  is 
^rown  extensively  throughout  a  large  part  of  the  United  States 
and  Canada.  Professor  Shaw  states  that  it  is  grown  more  or  less 
in  every  state  in  the  Union.  Prom  the  Mississippi  to  the  Atlantic 
it  occupies  more  territory  and  has  been  found  more  useful  for 
tgrazing  than  any  other  grass.  It  is  also  considered  a  valuable 
pasture  grass  for  a  considerable  distance  west  of  the  Mississippi 
river.  In  the  western  part  of  the  Great  Plains  region,  conditions 
are  too  dry  for  the  successful  growing  of  Kentucky  blue-grass 
-except  by  irrigation. 

Fifty  years  ago  there  was  little  or  no  Kentucky  blue-grass  in 
Kansas,  but  it  has  been  gradually  working  west  even  without  field 
:seeding,  until  it  is  the  common  roadside  grass  of  a  large  part  of 
•eastern  Kansas,  and  furnishes  the  grazing  in  many  of  our  pastures 
which  were  originally  devoted  to  the  wild  prairie  grasses.  Ken- 
iiucky  blue-grass  spreads  by  underground  roots,  hence  it  forms  a 
perfect  sod.  It  makes  a  very  fibrous  growth  of  roots  near  the 
surface,  but  is  not  a  deep-rooting  grass  and  does  not  stand  drouth 
well.  It  starts  very  early  in  the  spring  and  matures  early, 
7>looming  in  May  or  early  in  June.  This  grass  makes  little  growth 
in  the  hot  summer  months,  but  with  sufficient  moisture  it  thrives 
again  in  the  fall,  supplying  excellent  grazing  until  freezing  weather. 
It  is  one  of  the  most  palatable  and  most  nutritious  grasses  for  all 
kinds  of  stock,  but  has  little  value  for  hay.  Kentucky  blue-grass 
is  not  so  productive  as  the  other  grasses  used  for  hay,  and  the 
leaves  form  a  mat  so  close  to  the  ground  that  they  can  scarcely  be 
^ut  with  the  mower.    The  grass  is  difficult  to  harvest  so  as  to 
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make  a  good  quality  of  bay,  as  the  grass  matures  very  rapidly, 
the  stems  soon  becoming  tough  and  wiry. 

Kentucky  blue-grass  is  also  the  great  lawn  grass  of  America, 
for  which  useit  is  particularly  well  adapted  because  of  its  abundant 
growth  of  reclining  leaves  which  lie  very  close  to  the  ground  and 
which  make  a  velvety  sward  which  admits  of  frequent  clippings 
without  injuring  the  grass,  provided  the  lawn  is  well  watered  and 


Fio.    t7.— Kentucky  Blue- 
mrass  roots.    Sample  taken  __     ^     _.  „  ,,     j        ^  ^ 

September  4.  1903.  from  the  Fig.  f8.-Tall  Meadow  Oat- 

Affricultural  CoUeffe  campus.  ffrass. 

Affe  of  ffrass  not  known;  may 
be  described  as  old  Blue- 
ffrass  sod. 

well  fertilized.  White  clover  should  always  be  associated  with 
Kentucky  blue-grass  both  for  pasture  and  for  lawn,  in  order  that 
the  grass  may  remain  permanent  and  productive. 

Bedtop   , 

Redtop  {Agrostis  vulgaris)  is  the  most  commonly  cultivated 
variety  of  the  species  of  grasses  indigenous  to  America,  among 
the  more  common  of  which  are  redtop,  Herd's  grass,  bent-grass, 
Borden's  grass,  dew  grass,  summer  grass,  finetop,  and  Rhode 
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Island  bent-grass.  Redtop  is  a  perennial  grass  which  grows  from 
a  few  inches  to  three  or  four  feet  in  height  under  varying  condi- 
tions of  soil  and  climate.  The  stems  are  erect,  with  slender, 
smooth,  and  rounded  linear  leaves.  The  panicle  is  oblong  and 
spreading,  and  usually  of  a  purple  or  reddish  tint.  The  roots  are 
more  or  less  fibrous  or  creeping,  hence  the  grass  is  particularly 
well  adapted  to  low  or  wet  lands.  It  starts  later  in  the  spring 
than  Kentucky  blue-grass,  grows  more  slowly,  and  is  later  in 
maturing.  It  is  not  so  valuable  for  pasture  or  for  hay  as  timothy, 
being  less  palatable.  Redtop  hay  is  less  suitable  for  marketing, 
though  it  is  often  grown  with  timothy  for  hay,  and  with  timothy, 
meadow  fescue,  or  orchard-grass  and  Alsike  clover,  for  pasture. 
In  wet  lands  it  gradually  supplants  other  grasses.  Redtop  does 
not  have  a  wide  adaptation  or  utility  in  Kansas,  but  for  hardiness 
to  thrive  in  poorly  drained  areas,  the  peculiar  conditions  for  which 
it  is  suited,  there  is  no  other  domesticated  grass  superior  to  it^ 

At  this  Station,  on  upland  soil,  redtop  has  not  appeared  to  be  as 
persistent  as  timothy,  even  though  the  grass  was  favored  by  be- 
ing seeded  in  the  lowest  and  best-favored  portion  of  the  field. 

Tall  Meadow  Oat-Grass 

Tall  meadow  oat-grass  {Arrhenatherum  avenaceum)  is  said  to  be 
the  most  valuable  variety  of  the  oat-grass  family.  This  is  a  coarse, 
tall-growing  perennial  grass  resembling  the  common  oat,  but  more 
slender  in  every  way.  The  grass  grows  in  tufts,  or  bunches, 
commonly  three  or  four  feet  high,  but  often  reaching  a  height  of 
five  or  six  feet.  Oat-grass  does  not  make  a  sod,  and  should 
usually  be  sown  in  combination  with  other  grasses.  It  is  of  con- 
siderable value  for  meadow  and  for  pasture  in  Kansas  and  in  the 
states  farther  south.  Tall  meadow  oat-grass  is  even  earlier  in 
maturing  than  orchard-grass,  being  ready  to  cut  for  hay  early  in 
June.  It  springs  up  quickly  after  cutting,  furnishing  a  good 
aftermath  for  pasture;  or,  under  favorable  conditions,  two  or  three 
cuttings  of  hay  in  a  season.  In  the  southern  states,  this  grass 
grows  late  in  the  fall  and  furnishes  winter  pasture.  The  grass 
seeds  freely  and  the  seed  is  strong  in  vitality.  Oat-grass  starts 
quickly  and  grows  rapidly,  usually  yielding  a  hay  crop  from  spring 
seeding  the  first  season.  The  grass  is  deep  rooting,  resisting 
cold,  drouth,  and  heat,  and  may  be  recommended  for  seeding  in 
western  Kansas  under  the  more  favorable  soil  conditions.  For 
pasture,  it  is  preferable  to  sow  it  in  combination  with  western 
rye-grass  and  Bromus  inermis. 
S 
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Farmers  disagree  as  to  the  feeding  value  of  tall  meadow  oat- 
grass.  Some  think  oat-grass  is  of  small  feeding  value  and  others 
speak  very  highly  of  it.  Its  feeding  value  is  probably  a  little  be- 
low the  average  of  standard  grasses.  It  makes  a  rather  coarse, 
unpalatable  hay  unless  great  care  is  taken  to  harvest  it  before  it 
matures,  and  it  reaches  maturity  very  quickly  after  heading. 
Also,  its  rapid,  coarse  growth  and  slightly  bitter  taste  cause  stock 
to  prefer  the  other  grasses  for  grazing.  The  main  characteristics 
which  recommend  it  are  its  hardiness  and  rapid,  vigorous  growth. 


Fig.  29.— Variety  plot  of  Tall  Meadow  Oat-irrass.  Photo  taken  in  June.  1901,  just  belore 
cuttlDff  for  hay.    Seeded  in  the  spring  of  1903. 

Bluestem  Grasses 

There  are  two  valuable  species  of  this  excellent  hay  and  pasture 
grass  which  grow  abundantly  on  the  prairies  of  eastern  and  cen- 
tral Kansas.  These  are  the  big  bluestem  (Andropogonfurcatus) 
and  the  little  bluestem  (Andropogon  scoparius),  both  of  which  are 
dry-land  grasses.  Little  bluestem  resists  drouth  better  than  big 
bluestem  and  is  better  adapted  to  the  higher  lands.  The  big 
bluestem  luxuriates  in  the  draws  and  on  lower  lands,  where 
the  soil  is  deeper  and  the  supply  of  moisture  is  greater. 

These  grasses  form  a  large  part  of  the  famous  prairie  hay  of 
Elansas  and  Nebraska.  They  are  probably  not  so  well  adapted  for 
pasture  as  for  meadow,  since  by  close  pasturing  they  are  soon  des- 
troyed. This  is  due  to  their  habit  of  growing  in  bunches  or 
stools;  to  their  method  of  propagation,  which  is  by  seed  only;  and 
to  the  fact  that  they  are  spare  seeders,  which  is  their  greatest 
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fault.  It  is  safe  to  affirm  that  the  blnestem  grasses  would  long 
since  have  been  cultivated  if  an  abundance  of  seed  could  have  been 
secured.  There  is  no  question  regarding  their  valuable  qualities 
for  meadow.  Even  in  the  wild  state,  their  value  as  hay  grasses  on 
the  Western  Plains  is  not  exceeded  by  that  of  any  of  the  domesti- 
cated grasses.    By  scientific  breeding  and  selection,  doubtless 


Fig.  30.— iBiff  Bluestem 
(Andropogon  furccUtts)  roots. 
Sample  taken  September  4. 
1903.  from  an  old  prairie  mead- 
ow OD  the  Affricultural  Col- 
lege farm.  Observe  the  thick 
net  work  and  fibrous  growth 
of  roots  and  the  deep  root 
system. 

the  bluestem  grasses  will  become  still  more  valuable  and  will  help 
to  solve  the  problem  of  returning  to  grass  the  western  lands  which 
have  already  been  cropped  too  long  with  wheat  and  other  grain. 

In  Fig.  30  is  shown  a  sample  of  the  big  bluestem  grass 
roots.  The  sample  was  taken  from  the  Elxperiment  Station  pas- 
ture, and  represents  the  full  growth  of  the  grass  to  August  2. 
This  is  an  excellent  specimen  of  grass  roots,  and  is  indeed  a  wonder 
when  we  consider  the  large  number  of  roots  and  their  great  length. 
The  roots  were  broken  off  four  and  a  half  feet  from  the  surface, 
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Fig.  31.— Buffalo  grass  roots.  Sample  taken  October 
SO,  1903.  from  an  upland  prairie  pasture  near  the  Airri- 
cultural  Ck>lleff#sliarm. 
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but  from  their  size  they  must  have  extended  at  least  two  feet 
deeper  into  the  compact  clay  subsoil.  This  grass  makes  a  deeper 
root  growth  than  Bromus  inermis,  and  the  roots,  though  less 
numerous,  are  somewhat  coarser,  presenting  a  somewhat  irregular 
and  tangled  growth.  Big  bluestem  forms  a  dense,  tough  sod, 
from  six  to  eight  inches  thick,  and  the  subsoil  is  filled  with  a  great 
mass  of  roots.  After  the  sod  is  broken,  the  roots  gradually  decay, 
supplying  nitrogen  and  humus  to  the  soil.  ' 

Buffalo-Grass  and  Grama-Grass 

No  grass  of  the  Western  Plains  is  better  known  for  its  valuable 
qualities  as  a  pasture  grass  than  is  the  famous  buffalo-grass 
{BulbUes  dactyloides),  a  sample  of  which  is  shown  in  Pig.  32. 
Withstanding  drouth,  hot  winds,  and  the  persistent  trampling  of 
cattle,  this  grass  thrives  on  the  dry  uplands  of  central  and  western 
Kansas,  filling  the  soil  with  roots  and  covering  the  earth  with  a 
thick  mantle  of  stems  and  leaves.  Owing  to  the  spring  rains,  it 
makes  a  good,  early  growth.  As  summer  advances  and  dry. 
weather  begins,  it  ceases  to  grow,  but  does  not  die.  The  crop 
cures  on  the  ground,  furnishing  grazing  of  the  best  quality.  When 
the  rains  come  in  the  fall,  the  grass  again  starts  to  grow,  producing 
a  second  crop  which  cures  on  the  ground,  and  continues  to  furnish 
grazing  throughout  the  winter.  Buffalo-grass  spreads  by  means 
of  runners  which  creep  along  the  ground  and  root  at  intervals. 
The  leaves  are  short  and  curly,  and  the  plants  form  a  mellow  sod, 
covered  with  two  or  three  inches  of  soft,  cushion-like  foliage.  The 
seed-stems  extend  a  few  inches  above  the  foliage,  but  they  are  not 
very  numerous.  The  grass  has  practically  no  value  for  hay,  since 
it  produces  very  lightly  and  cannot  be  harvested  readily. 

As  the  sample  shows,  the  roots  are  numerous,  but  do  not  pene- 
trate deep  into  the  soil.  The  first  four  inches  of  soil,  however, 
are  completely  filled  with  roots,  which  form  a  fairly  firm  sod. 
The  roots  are  thread-like,  and  almost  white  in  color.  On  the 
whole,  the  feeding  capacity  of  this  grass  is  much  less  than  that  of 
Bromus  inermis  or  big  bluestem;  hence  it  is  less  productive  than 
either  of  these  grasses.  Although  it  is  uninjured  by  drouth,  it 
ceases  growth  sooner  when  a  drouth  approaches  than  do  the 
deeper-rooting  grasses  mentioned. 
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Bermuda  Grass 

Bermuda  grass  {Cynodon  dactyUm)  is  a  creeping  perennial  grass, 
the  stems  of  which  produce  nodes,  or  joints,  at  short  intervals, 
and  each  node  is  capable  of  producing  a  new  plant.  This  grass 
spreads  very  rapidly  under  favorable  conditions,  roots  at  each 
joint,  and  produces  numerous  upright  leaf-branches,  from  four  to 
six  inches  in  height.  These  branches  bear  the  flowers  and  seed 
in  from  three  to  six  slender  spikes.  Each  joint  has  from  two  to 
four  leaves,  which  are  flat,  spread  widely,  and  gradually  taper  to  a 


1 
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Fio.  3S.— Bermuda  ffraas.    (Courtesy  of  fiie  Oklahoma  Ebcpeiiment  Station.) 

slender  tip.  The  grass  produces  shallow,  under-ground  root- 
stalks,  as  well  as  surface  runners,  but  the  roots  are  mainly 
fibrous,  and  deep  feeders. 

Bermuda  grass  is  the  great  pasture  grass  of  the  sub-tropical 
and  warmer  temperate  regions  throughout  the  world,  and  is  prob- 
ably a  native  of  tropical  Asia.  It  was  introduced  into  Georgia 
during  the  War  of  1812,  and  has  been  widely  distributed  through- 
out the  South,  where  it  is  now  considered  the  most  valuable  pasture 
grass,  holding  the  place  in  those  states  that  Kentucky  blue-grass 
holds  in  the  North.  Like  Kentucky  blue-grass  it  is  also  the  uni- 
versal lawn  grass  in  the  section  over  which  it  has  spread.  Ber- 
muda grass  is  distinctly  a  warm-weather  grass;  it  will  not  grow 
in  cold  weather,  and  is  not  hardy  where  the  temperature  falls 
much  below  the  zero  point.  At  this  Station  it  usually  winter-Mils, 
but  in  the  southern  counties  of  the  State  it  is  comparatively  hardy, 
and  farmers  there  have  reported  that  they  have  grown  it  success- 
fully for  periods  of  from  four  to  eight  years.  This  grass  is 
grown  successfully  throughout  the  larger  part  of  Oklahoma.    The 
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Experiment  Station  of  that  state  is  breeding  this  grass  and  has 
developed  a  hardier  variety.  The  hardy  Bermuda  is  the  variety 
recommended  for  planting  in  northern  Oklahoma  and  southern 
Kansas. 


Pig  88.— JobnsoD  firrass.  (Cour- 
tesy of  the  Tennessee  Experi- 
ment Station.) 

In  its  habits  of  growth,  Bermuda  grass  is  almost  the  reverse  of 
Kentucky  blue-grass.  It  starts  to  grow  late  in  the  spring,  grows 
slowly  at  first,  and  thrives  best  in  the  hottest  summer  weather. 
With  the  earliest  frosts,  the  grass  is  killed  to  the  ground,  remain- ' 
ing  brown  and  dead  during  the  winter  and  early  spring.  Like 
other  grasses,  it  grows  most  luxuriantly  in  fertile  soil,  but  it  will 
also  grow  on  poor,  sandy,  gullied,  or  worn  soils.  To  these  soils, 
Bermuda  grass  furnishes  protection  and  supplies  humus,  but  it 
will  not  yield  much  pasture.  It  is  one  of  the  best  soil-binding 
grasses,  and  is  very  persistent,  withstanding  both  heat  and 
drouth  ;  but  it  does  not  thrive  in  the  driest  lands  of  western  Texas 
and  Oklahoma,  and  it  will  not  grow  in  the  shade. 

Bermuda  grass  is  primarily  a  pasture  grass  and  is  relished  by 
all  kinds  of  stock.  It  will  stand  close  grazing  and  much  trampling. 
It  also  makes  hay  of  excellent  quality,  but  will  not  grow  rank 
enough  to  mow  and  handle  well,  except  on  very  fertile  soil.  Under 
the  more  favorable  conditions,  it  furnishes  two  or  three  cuttings, 
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yielding  in  a  season  from  two  to  four  tons  of  hay  per  acre.  Since 
it  furnishes  no  late  fall  or  early  spring  pasture,  other  grasses  or 
annual  pasture  crops  must  be  grown  in  order  that  the  farmer  may 
supply  continuous  grazing  for  his  stock. 

Bermuda  grass  may  be  propagated  both  from  seed  and  from 
root-cuttings.  The  seed  is  often  low  in  vitality  and  sprouts  so 
slowly  that  the  young  plants  are  apt  to  be  crowded  out  by  weeds; 
hence  this  method  of  starting  Bermuda  grass  cannot  be  recom- 
mended, except  where  roots  cannot  be  readily  secured.  In  such 
cases,  the  planting  should  be  on  a  small  area  to  produce  plants 
whose  roots  may  be  used  for  planting  larger  areas.  The  seed-bed 
should  be  clean,  fertile,  and  well-pulverized.  The  seed  must  be 
sown  late  in  the  spring  after  the  danger  from  freezing  is  past,  and 
covered  very  lightly.  One  pound  of  seed  is  sufficient  to  plant 
from  one  fourth  to  one  third  of  an  acre.  The  seed  is  expensive, 
costing  from  fifty  cents  to  a  dollar  a  pound. 

The  grass  may  be  propagated  most  readily  and  cheaply  by  trans- 
planting pieces  of  the  sod,  about  two  inches  square,  at  intervals 
of  from  one  to  two  feet,  in  rows  three  feet  apart.  It  may  also  be 
propagated  from  cuttings  of  the  roots  from  two  to  three  inches 
long,  planted  from  six  to  twelve  inches  apart,  in  shallow  furrows 
from  three  to  four  feet  apart.  The  roots  or  the  pieces  of  sod 
should  be  covered  to  a  depth  of  from  two  to  four  inches.  The 
space  between  the  rows  may  be  cultivated  for  a  time,  or  a  light 
seeding  of  oats  or  other  grain  may  be  planted  as  a  nurse-crop,  to 
be  cut  for  hay  or  pastured  off  with  cattle.  Horses  or  sheep  should 
not  be  allowed  to  graze  on  the  young  grass,  because  they  destroy 
many  of  the  creeping  stems  and  prevent  the  rapid  spread  of  the 
grass.  Planted  as  described  above,  under  favorable  conditions 
Bermuda  grass  will  cover  most  of  the  intervening  space  by  the 
close  of  the  season.  A  similar  method  may  be  employed  to  start 
lawns,  but  the  soil  should  receive  more  careful  preparation  and 
the  cuttings  or  the  pieces  of  sod  should  be  planted  at  closer  inter- 
vals to  insure  quick-growth  and  a  uniform^cover. 

Bermuda  grass  is  very  persistent  and  very  difficult  to  eradicate 
from  good  soil  when  climatic  conditions  favor  its  growth.  Usually, 
farmers  who  use  it  in  rotation  with  other  crops  do  not  desire  it 
completely  eradicated,  but  depend  upon  its  roots  which  are  left  in 
the  soil  to  renew  the  stand  of  grass  after  other  crops  are  removed. 
In  E[ansas  and  Oklahoma,  Bermuda  grass  may  be  completely 
eradicated  if  proper  methods  are  used  and  advantage  is  taken  of 
the  climate,  soil,  and  season.  Late  fall  or  winter  plowing,  which 
exposes  the  tender  roots  to  severe  freezing,  will  largely  destroy 
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it;  or  if  plowing  is  done  at  the  approach  of  a  dry  season  and  the 
roots  are  dragged  to  the  surface  with  a  harrow  or  weeder,  the 
l^rass  may  be  destroyed.  If  smother-crops  are  then  planted  or  if 
the  land  is  planted  with  inter-tilled  crops  and  given  thorough 
cultivation,  very  few  plants  will  remain  the  second  season,  and 
these  may  be  exterminated  by  carefully  digging  them  out. 

Bermuda  grass  seldom  produces  seed  north  of  Florida  and 
southern  California,  and  where  seed  is  not  produced  it  does  not 
readily  spread  to  fields  where  it  id  not  planted.  In  localities 
where  it  produces  seed  abundantly,  it  spreads  everywhere  and 
cannot  be  controlled. 

When  it  is  desired  to  keep  Bermuda  pasture  more  or  less  per- 
manent, the  grass  requires  renewing  occasionally  by  re-plowing, 
or  by  fertilizing,  or  both.  It  usuaUy  becomes  very  thick  and  sod- 
bound  and  non-productive  after  four  or  five  years.  In  such  cases, 
the  grass  may  be  renewed  by  breaking  the  sod  in  the  fall  and 
planting  winter  grain,  such  as  winter- wheat,  barley,  or  oats.  The 
next  season,  after  such  grain  crop  is  removed,  Bermuda  grass  will 
thicken  up  rapidly  and  furnish  early  summer  and  late  fall  grazing. 
The  pasture  should  be .  fertilized  occasionally  with  barnyard 
manure,  or  commercial  fertilizers.  It  is  also  advisable  to  use  cow- 
peas  or  clover  in  rotation,  in  order  to  maintain  the  supply  of  soil 
nitrogen. 


Grasses  of  Doubtful  Value,  Which  are  Often  Nox- 
ious Weeds 

Ther^e  are  four  well-known  grasses,  or  grass  weeds,  which 
ought  to  be  mentioned  under  this  head:  Johnson  grass ;  quack- 
grass;  crab-grass;  and  chess,  or  cheat.  All  of  these  grasses  are 
great  pests  under  certain  conditions;  yet  when  properly  managed, 
each  of  them  often  makes  valuable  pasture  or  hay. 

Johnson  Grass 

Johnson  grass  {Sorghum  TicUepense)  is  said  to  be  the  worst  weed 
in  the  South;  yet  it  will  yield  from  two  to  five  crops  of  good  hay 
each  year,  averaging  from  one  to  three  tons  per  acre  each  cutting. 
This  hay  is  relatively  high  in  feeding  value  and  is  relished  by  all 
kinds  of  stock.  The  only  objection  to  the  grass  as  a  forage  crop 
is  the  difficulty  with  which  it  is  controlled  or  eradicated  when  once 
it  has  become  established. 

Johnson  grass  belongs  to  the  sorghum  family.    It  is  a  peren- 
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nial  and,  until  the  plants  are  a  foot  high,  closely  resembles  young 
cane.  It  is  well  supplied  with  leaves,  and  often  reaches  a  height 
of  eight  or  ten  feet,  though  the  average  height  for  this  hay  is  from 
three  to  six  feet.  It  has  an  open,  branching  head,  from  six  to 
twelve  inches  long,  which  produces  many  seeds.  The  seed  slightly 
resembles  flax  and  has  strong  vitahty.  The  plant  is  usually  prop- 
agated from  the  seed,  but  it  may  be  started  by  planting  the  roots. 
It  fills  the  surface  soil  with  numerous  large,  creeping  root-stocks. 


Pig.  84.— Chess  (Bromtu  tectUinut). 

which  are  supplied  with  latent  buds  about  an  inch  apart,  each  of 
which  may  produce  a  new  plant. 

Johnson  grass  is  adapted  only  to  a  warm  climate.  It  is  a  hot- 
weather  plant  which  can  stand  much  drouth,  but  produces  lai^e 
yields  only  with  an  ample  supply  of  moisture.  It  starts  to  grow 
late  in  the  spring  and  ceases  at  the  approach  of  the  first  cool 
weather.  In  the  summer  it  grows  rapidly,  and  it  may  be  cut  as 
often  as  once  a  month  while  the  weather  remains  warm.  It  is 
essentially  a  soiling  grass,  and  does  not  endure  close  grazing. 
The  trampling  of  the  stock  kills  the  roots  and  causes  the  grass  to 
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become  thin  and  patchy.  When  this  grass  is  used  for  pasture,  it 
is  necessary  to  plow  the  pasture  occasionally  in  order  to  renew  the 
stand  of  grass. 

Johnson  grass  is  a  native  of  western  Asia.  It  was  introduced 
into  the  United  States  in  1835,  by  Governor  Means,  of  South 
Carolina.  A  few  years  later,  it  was  widely  distributed  throughout 
the  South  by  William  Johnson,  of  Alabama,  from  whom  it  takes  its 
name.  It  is  hardy  only  in  the  states  south  of  the  fortieth  parallel. 
Even  in  the  southern  states  the  growth'  in  the  spring  is  relatively 
late  and  slow.  It  is  not  hardy  where  the  frost  penetrates  the 
ground  to  the  entire  depth  of  the  creeping  root-stocks,  since  these 
roots  are  killed  as  deep  as  the  frost  penetrates.  The  grass  usually 
winter-kiUs  at  the  Kansas  Experiment  Station.  Even  in  the 
southern  counties  of  Kansas  there  is  little  fear  that  this  grass  may 
become  a  pest,  since  it  will  be  destroyed  by  severe  winters ;  and 
destruction  may  be  readily  accomplished  almost  any  winter  by 
deep  plowing  and  dragging  late  in  the  fall,  which  exposes  the  root- 
stocks  of  the  grass  td^the  winter  frosts.  Farther  south  the  eradi- 
cation of  the  grass  becomes  a  more  difficult  problem.  Persistent 
destruction  of  the  young  grass  by  cultivation  will  largely  eradicate 
Johnson  grass  from  a  field  in  a  single  season.  Bulletins  giving 
further  information  upon  this  subject  may  be  secured  from  experi- 
ment stations  in  Oklahoma  and  in  other  southern  states. 

While  the  Kansas  farmer  need  not  fear  this  grass  as  a  pest,  he 
should  exercise  care  to  prevent  it  from  spreading.  Spreading 
may  result  from  distribution  of  seed,  or  from  the  dragging  of 
roots  to  a  new  locality.  Johnson  grass  has  become  so  much  of  a 
pest  in  some  of  the  southern  states  that  laws  have  been  passed 
making  the  careless  spreading  of  the  grass  a  misdemeanor. 

Qnack-Grass 

Quack-grass  (Agropyrum  repens\  also  called  couch-grass,  witch- 
.grass,  twitch-grass,  etc.,  is  one  of  the  perennialwheat-gr  asses, 
and  is  much  more  persistent  than  others  of  its  kind.  When  once 
well-started  under  favorable  conditions  it  spreads  rapidly  from 
bud-producing,  creeping  root-stocks,  which  branch  out  in  every 
direction  and  crowd  out  all  other  plants.  This  grass  also  propa- 
gates freely  from  the  seed. 

Quack-grass  is  a  native  of  Europe.  It  flourishes  best  in  a  moist, 
temperate  climate,  in  a  fertile  clay-loam  or  in  black-loam  soil. 
The  stems  range  in  height  from  one  to  three  feet,  but  the 
under-growth  is  thick  and  the  sod  formed  is  tough.    The  flowering 
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spikes  are  rather  slender,  resembling  wheat  heads.  The  leaves 
are  of  a  dark-green  shade  and  are  coarse  and  tough.  The  stems 
become  woody  as  the  grass  approaches  maturity.  However,  when 
fresh  and  young,  the  grass  is  well-relished  by  stock  and  makes 
good  pasture.  Where  it  is  not  dangerous  as  a  weed-pest,  it  makes 
an  excellent  soil  binder  for  gulleys  and  embankments.  In  fertile 
soil,  if  renewed  by  re-plowing  and  cultivation,  it  produces  large 
yields  of  good  hay  when  it  is  cut  in  season. 

Thus  it  has  some  good  qualities,  but  since  other  more  valuable 
grasses  which  are  not  dangerous  weeds  thrive  under  the  condi- 
tions favorable  to  the  growth  of  quack-grass,  the  seeding  of  quack- 
grass  on  any  farm  cannot  be  recommended.  If  the  grass  is  acci- 
dentally started  in  a  field,  the  farmer  should  employ  every  avail- 
able means  to  exterminate  it  at  once.  Culture- methods,  by  which 
quack-grass  may  be  eradicated  from  cultivated  fields  in  a  year 
or  two,  have  been  discovered  and  are  now  in  use  among  northern 
and  eastern  farmers.  One  of  these  methods  is  knovni  as  the 
"Crane  System,"  and  was  discovered  and  practiced  successfully 
by  Mr.  P.  B.  Crane,  of  Long  Lake,  Minn.  He  describes  his 
method  in  a  little  book  which  he  has  published. ' 

While  quack-grass  is  a  dangerous  pest  in  Canada  and  in  the 
northern  and  eastern  states,  it  is  not  very  difficult  to  control  in 
the  West  and  South.  However,  there  is  a  certain  species  of  grass 
much  like  it,  known  as  western  wheat-grass  {Agropyron  8pioatum\ 
which  is  a  native  of  the  Western  Plains.  Western  wheat-grass  is 
a  pest  and  is  difficult  to  eradicate  from  fertile,  moist  soil  in  eastern 
and  central  Kansas.  It  is,  nevertheless,  of  value  for  pasture  and 
may  be  recommended  for  seeding  in  western  Kansas,  though  at 
this  time  seed  is  difficult  to  obtain,  since  the  grass  has  not  been 
domesticated.  Western  wheat-grass  is  well  worthy  of  cultivation 
and  improvement. 

Chess 

Chess,  or  cheat  (Bromua  secalinus)  is  one  of  the  brome-grasses ; 
but  instead  of  having  great  economic  value,  like  Bromus  inermis,  it 
is  a  foul  weed  that  is  very  troublesome  in  the  winter- wheat  grow- 
ing states.  This  is  the  common  cheat-of- wheat,  so-called,  perhaps, 
because  it  often  deceives  the  farmer  and  cheats  him  out  of  a  crop. 
It  grows  very  much  like  winter  wheat,  growing  from  seed  in  the 
fall,  living  through  the  winter,  starting  again  early  in  the  spring, 
and  maturing  a  little  earlier  than  the  wheat.    The  ripe   seed 

*  Published  by  Webb  Publishing  Co..  Bflnneapolls.  Bfinn. 

The  Vermont  Experiment  Station  has  recently  published  Bulletin  No.  140.  "A  Praotiosl 
Method  of  Killing  Quaok-Orass." 
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shatters,  thus  reseeding  the  ground  for  the  next  crop.  If  the 
wheat  is  checked  or  killed  by  winter  freezing,  chess  may  take  its 
place  and  give  the  farmer  a  crop  of  cheat  instead  of  wheat.  So 
often  has  this  occurred  that,  until  recently,  many  farmers  believed 
that  wheat  turned  into  cheat.  Since  this  grass  is  a  winter  annual, 
growing  each  fall  from  seed  matured  that  same  season,  it  is  readily 
controlled  by  a  rotation  of  crops  which  includes  com  or  other 
inter-tilled  crops.  Then  if  the  seed-wheat,  or  other  seed-grain  is 
carefully  graded,  a  chess-free  crop  may  be  secured. 


Fig.  35.— Medium  Red  clover. 

This  grass  has  some  value  for  winter  and  early  spring  pasture, 
and  may  make  fair  hay  if  cut  before  it  blooms.  But  other  grasses 
are  to  be  preferred  for  such  use.  As  a  matter  of  fact,  chess  is 
often  found  as  an  adulterant  of  orchard-grass,  meadow  fescue, 
and  Bromua  inermis  seed.  Its  presence  in  grass  seed  is  doubtless 
often  an  accident,  due  to  the  presence  of  the  chess  in  the  meadow, 
except  the  first  year  after  seeding.  It  is  readily  destroyed  by 
mowing  before  it  seeds. 

Crab-Grass 

Crab-grass  (Panicum  sanguinale )  is  really  a  species  of  millet, 
belonging  to  the  same  genus  as  Japanese  barn-yard  grass  (Panicum 
crusgali).  It  is  an  annual  which  grows  best  in  the  hottest  weather. 
Its  flowering  spikelet  bears  some  resemblance  to  the  claw  of  a 
crab,  hence  the  name.    The  grass  spreads  rapidly  because  the 
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stems  partly  recline  and  tend  to  root  at  each  joint.  It  matures 
quickly  and  seeds  abundantly.  The  seeds  may  retain  vitality  for 
several  years  when  buried  deep  in  the  soil  without  favorable 
conditions  for  germination. 

Crab-grass  is  a  great  pest  in  corn  and  in  other  inter-tilled  crops, 
for  the  quick-rooting,  intertwining  stems  make  it  difficult  to  des- 
troy by  cultivation.  The  fact,  also,  that  the  seed  germinates  late 
in  the  season,  after  the  ordinary  cultivation  of  corn  ceases,  makes 
it  a  very  difficult  weed  to  eradicate.  If  rains  follow  the  harvest, 
this  grass  springs  up  quickly  in  grain-stubble  fields  and  grows 
rapidly,  maturing  seed  in  a  few  weeks.  In  such  cases,  it  may  be 
cut  for  hay  or  used  for  pasture.  It  is  best  controlled  by  planting 
late  smothering  crops,  such  as  sowed  cane,  or  Kafir,  or  by  rotation 
of  such  crops  as  will  require  late  cultivation  or  a  partial  summer 
fallow.  A  season  or  two  of  thorough,  late  cultivation  will  clear 
the  land  of  this  pest. 

Crab-grass  has  some  value  both  for  hay  and  for  pasture,  but  it 
is  seldom  used  for  this  purpose.  Sometimes,  if  a  crop  of  it  is  pro- 
duced, the  farmer  attempts  to  plow  it  under  before  it  seeds  and 
then  it  furnishes  some  green-manure.  More  often,  the  mature 
crab-grass  is  burned  off  in  preparing  the  land  for  planting  the 
next  crop.  While  this  grass  may  have  some  local  economic  value, 
it  is  a  troublesome  weed  in  Kansas  and  should  be  dealt  with  stren- 
uously. 

Clover 

It  is  not  the  purpose  in  this  bulletin  to  treat  the  subject  of  clover 
fully.  The  term  "clover"  includes  a  number  of  species  of  several 
genera  of  the  Leguminosce  family,  which,  as  a  group,  are  excellent 
forage  crops  and  unequaled  as  soil  fertilizers.  Botanically,  the 
true  clovers  belong  to  the  genus  Trifolium^  plants  with  leaves 
divided  into  three  leaflets  and  flowers  collected  in  cone-shaped 
spikes  or  rounded  heads.  Several  valuable  cultivated  species  are 
medium  red  clover  (Trifolium  pratenae),  mammoth  clover  (iVi- 
folium  magnum ),  Alsike  clover  ( Trifolium  hybridum),  small  white 
clover  ( Trifolium  repens),  and  crimson  clover  (  Trifolium  incarTUzlum). 
Agriculturally,  several  other  valuable  leguminous  plants  are 
classed  as  clovers;  one  of  the  most  valuable  of  these  is  alfalfa 
( Medicago  saliva).  Other  species  which  have  more  or  less  value 
are  Bokhara,  or  sweet,  clover  (MelHotus  aZba\  Japan  clover 
{Sespedeza  striata),  and  burr  clover  {Medicago  denticulata). 

All  the  plants  of  the  clover  family  have  the  power  to  take  from 
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the  soil  the  nitrogen  required  for  their  growth.  They  do  this  by 
means  of  bacteria  which  live  in  little  tubercles  or  nodules  on  the 
clover  roots.  Thus  clover  may  not  only  produce  large  yields  of 
valuable  forage  very  rich  in  that  most  important  food  constituent, 
protein,  without  drawing  on  the  nitrogen  of  the  soil,  but  by  its 
growth  of  roots  and  by  the  accumulation  of  nitrogen  compounds 
in  the  tubercles  and  in  the  roots,  clover  actually  increases  the  sup- 
ply of  available  nitrogen  in  the  soil,  thus  enriching  the  soil.  How- 
ever, the  long  and  continuous  growing  of  clover  may  largely  ex- 
haust the  supply  of  mineral  plant-food  elements  in  the  soil,  caus- 
ing the  soil  to  become  **clover  sick"  or  unbalanced  in  plant-food 
supply  and  hence  non-productive  of  all  other  crops  as  well  as  of 
clover. 

The  Common  Meld  Clovers 

Many  of  the  general  principles  as  related  to  seed-bed  prepara- 
tion, seeding  methods,  making  hay,  etc.,  which  apply  to  grasses, 
apply  equally  well  to  clovers.  There  are,  however,  slight  differ- 
ences in  the  time  and  methods  of  seeding  best  adapted  to  certain 
varieties  of  clover,  as  compared  with  grasses.  For  instance,  in 
this  climate,  medium  red,  mammoth,  and  Alsike  clovers  are  not 
safely  seeded  in  the  fall,  since  the  fall-seeded  clover  is  very  likely 
to  winter-kill.  Clover  should  be  seeded  early  in  the  spring,  or  it 
may  be  fairly  successful  if  planted  in  well-prepared  soil  in  the 
late  summer.  In  ICansas,  it  is  the  usual  custom  to  seed  clover 
early  in  the  spring  with  a  nurse-crop  of  small  grain,  as  clover  suc- 
ceeds better,  perhaps,  than  most  grasses  when  sown  with  a  nurse- 
crop.    However,  it  will  usually  succeed  best  when  sown  alone. 

Clover  should  always  be  mowed  or  pastured  in  the  fall  of  its 
first  year;  this  is  necessary  in  order  to  prevent  it  from  seeding, 
since  if  the  plants  produce  seed  they  are  apt  to  die  during  the  first 
vdnter,  leaving  a  thin,  patchy  stand  the  next  season  when  the 
largest  crop  should  be  produced.  Of  the  common  clovers,  medium 
red,  and  mammoth  are  ordinarily  biennials,  the  plants  dying  the 
second  year,  or  after  producing  seed.  White  clover  and  Alsike 
are  more  nearly  perennial,  though  the  stand  of  Alsike  clover 
gradually  becomes  thinner  and  is  seldom  thick  enough  to  leave 
after  the  third  year. 

Unless  grown  for  seed  production,  clover  should  be  sown 
usually  in  combination  with  grasses  both  for  pasture  and  for 
meadow.  If  the  clover  is  not  pastured  too  closely  or  cut  too 
frequently,  it  will  re-seed  itself  sufficiently  to  maintain  a  partial 
stand  for  a  long  period,  or  by  scattering  a  little  new  seed  occasion- 
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ally  early  in  the  spring,  clover  may  be  continued  indefinitely.  In 
fact,  it  is  advisable,  where  clover  succeeds,  to  scatter  clover  seed 
occasionally  in  permanent  pastures,  or  in  meadows  where  it  will 
act  as  a  fertilizer  of  the  soil. 


FZG.  36.— Alsike  clover. 


Pig.  38. -Medium   Red   clover  roots. 

Sample  taken  Augustt  19.  1904.  beioir  the 

second  crop  of  clover  for  that  season. 

This  clover  was  seeded  in  the  spring  of 

Pig.  37.— Common  White  clover.  1903. 

Common  clovers  are  not  so  well  adapted  to  Kansas  conditions 
as  is  alfalfa,  except  perhaps  in  the  eastern  and  southeastern  part 
of  the  State.  Clover  cannot  be  recommended  for  seeding  in 
middle  and  western  Kansas  except  under  special  conditions,  as  on 
low,  well- watered  land  or  on  land  too  wet  to  grow  alfalfa. 

MEDIUM  RED  CLOVER 

For  producing  valuable  forage  and  enriching  the  soil,  medium 
red  clover  exceeds  the  other  varieties.  It  produces  regularly  two 
or  more  cuttings  each  season,  while  other  varieties  usually  pro- 
duce one  cutting.  It  furnishes  early  and  late  pasture.  It  is  a 
surer  seed  producer  and  is  better  adapted  to  ordinary  conditions 
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Fio.  89.— Variety  plot  of  Alsike  clover,  June  S8.  1904.    Photo  taken  Just  before  cutting 
for  hay.    Seeded  in  the  spring  of  1903. 


Pio.  40.— A  typical  Kansas  alfalfa  field. 


—7 


Digitized  by  VjOOQIC 


388  Grasses  [Bull.  175 

than  either  the  Alsike  or  the  mammoth  varieties.  As  a  soil  im- 
prover it  is  rarely  excelled  by  any  other  legume  when  used  in 
regular  rotation,  except  that  alfalfa  or  mammoth  clover  may  per- 
haps exceed  it  in  certain  soils  and  under  certain  climatic  conditions. 

ALSIKE  ClXyVER 

Alsike  clover  is  less  coarse,  more  reclining  in  its  habit  of  growth, 
and  more  leafy  than  medium  clover.  It  is  also  more  hardy  and 
better  adapted  to  wet  or  poorly  drained  land.  Because  of  these 
characteristics  it  is  preferred  to  the  medium  or  mammoth  clover 
for  pasture.  White  clover  is  superior  to  Alsike  as  a  permanent 
pasture  plant. 

MAMMOTH  CLOVER 

Mammoth  clover  is  larger  and  coarser  than  medium  red  clover. 
Its  roots  aire  larger  and  extend  deeper  into  the  sub-soil.  As  a  soil 
improver  it  may  be  somewhat  superior  to  the  other  clovers, 
especially  on  heavy  land  with  clay  sub- soil.  For  hay  it  is  inferior 
to  Alsike  or  medium  clover  because  of  its  coarse,  stemmy  char- 
acter ;  and  it  is  also  less  valuable  for  pasture,  since  it  starts  later 
in  the  spring  and  does  not  make  so  rapid  a  growth  after  cutting 

as  do  the  other  clovers. 

WHITE  cax)VER 

White  clover,  the  hardiest  and  most  widely  distributed  of  all 
clovers,  is  peculiarly  valuable  as  a  pasture  plant  when  combined 
with  Kentucky  blue-grass.  Its  presence  in  Kentucky  blue-grass 
pastures,  while  often  decried  by  farmers,  is  really  very  necessary 
in  order  that  the  stand  and  productiveness  of  the  blue  grass  be 
maintained.  It  is  somewhat  objectionable  for  pasturing  horses, 
causing  slobbering;  yet  it  really  adds  to  the  richness  of  the  forage 
and  its  presence  increases  the  amount  and  improves  the  quality  of 
the  grazing,  due  to  its  fertilizing  effect  6n  the  soil.  Where  it 
thrives  best,  white  clover  is  unexcelled  as  a  honey  producer,  which 
is  another  reason  for  maintaining  it  in  pastures  and  lawns. 

Annual  Clovers 

CRIMSON  CLOVER 

Crimson  clover  is  one  of  the  more  important  annual  clovers.  It 
is  adapted  to  a  moist,  mild  climate.  The  usual  practice  is  to  seed 
it  in  the  summer  or  early  fall.  It  then  grows  late  into  the  autumn, 
furnishing  fall  and  winter  pasture.  It  starts  early  in  the  spring 
and  may  be  used  for  pasture  or  soiling,  cut  for  hay,  or  plowed 
under  for  green  manure.    Where  it  succeeds  well,  it  is  a  valuable 
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soil  fertilizer.    It  is  better  adapted  to  soils  low  in  fertility  than 
are  most  other  legumes. 

It  is  doubtful  whether  criiqson  clover  may  be  profitably  grown 
in  Kansas,  for  it  has  not  succeeded  very  well  at  the  Kansas  EIx- 
periment  Station.  Seeded  in  the  spring,  it  makes  little  growth 
and  it  is  not  hardy  when  seeded  in  the  fall.  In  the  southern 
counties  of  the  State  it  should  give  better  results  and  may  be 
recommended  for  trial  by  early  fall  seeding. 

JAPAN  CLOVER 

Japan  clover  is  one  of  the  hardiest  plants  of  the  clover  family 
for  a  warm  climate.  It  is  well  adapted  to  conditions  in  the  south- 
ern states,  but  it  is  not  hardy  in  the  colder  climate  of  the  northern 
states.  In  recent  years,  it  has  been  introduced  into  parts  of 
southern  Kansas,  where  it  appears  to  be  quite  hardy,  growing 
and  thriving  in  the  native  prairie  pastures  to  such  an  extent  that 
some  farmers  fear  it  will  crowd  out  the  grasses.  However,  Japan 
clover  is  more  likely  to  invigorate  the  growth  of  the  grass  by  in- 
creasing the  fertility  of  the  soil.  It  also  adds  to  the  amount  and 
richness  of  the  grazing. 

Japan  clover  retains  its  hold  on  the  soil  by  re-seeding  itself 
each  year.  It  starts  very  late  in  the  spring  and  is  checked  by  the 
first  autumn  frosts;  yet,  where  the  climate  is  warm  enough,  when 
once  established  it  is  very  persistent,  and  its  power  of  self- 
propagation  in  the  South  nearly  equals  that  of  white  clover  in  the 
North. 

Japan  clover  is  usually  seeded  in  the  spring.  It  may  be  sown 
in  the  fall  in  the  southern  states;  but  in  Kansas,  late  spring  seed- 
ing is  preferable  on  account  of  the  tender  nature  of  the  young 
plants,  which  are  likely  to  be  destroyed  by  a  late  spring  frost. 
Perhaps  the  only  practical  use  for  Japan  clover  in  this  State  is  for 
pasture.  In  seeding  the  pasture  early  spring  discing  previous 
to  seeding  and  light  harrowing  after  seeding  will  greatly  assist  in 
securing  a  good  stand.  When  well  started  under  conditions 
which  allow  its  growth,  it  will  continue  to  propagate  itself  unless 
grazed  so  closely  as  to  prevent  it  from  producing  seed.  Late  fall 
or  early  spring  discing  and  harrowing  will  favor  the  starting  of 
the  young  clover  and  may  also  increase  the  growth  of  other  grasses. 

SWEET  CLOVER 

The  value  of  sweet  clover  is  variously  estimated  by  different 
farmers  in  different  parts  of  the  country.  By  some  it  is  consid- 
ered an  objectionable  weed  of  no  value,  while  others  claim  it  is 
equal  to  alfalfa  as  a  forage  crop.    This  difference  in  opinion  is 
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largely  due  to  the  different  methods  of  handling  the  crop.  If 
sweet  clover  is  allowed  to  grow  large  and  coarse,  its  natural  con- 
Idition  as  a  roadside  weed,  it  has  little  value.  When  seeded  thickly 
in  cultivated  fields  and  pastured  closely  or  mowed  early,  it  makes 
good  pasture  or  yields  a  fair  quality  of  hay  of  high  nutritive  valua 
Its  worst  characteristic  is  its  bitter  taste,  to  which  live  stock  must 
become  accustomed  before  they  vnll  eat  it  readily.  It  appears, 
however,  that  stock  learn  to  like  sweet  clover,  and  will  thrive  on 
it.  Sweet  clover  is  also  valuable  for  bee  pasture,  producing  much 
honey  of  excellent  quality. 

Perhaps  it  is  most  valuable  as  a  soil  fertilizer  when  grown  in 
rotation  with  other  crops.  It  is  adapted  to  poor  soil  and  is  a  good 
crop  to  precede  alfalfa  in  order  to  put  the  soil  in  good  tilth  and  to 
provide  bacteria  for  starting  the  young  alfalfa.  Sweet  clover 
bacteria  will  also  live  and  thrive  on  alfalfa  roots  and  insure  the 
successful  growing  of  alfalfa  in  soils  which  are  lacking  in  alfalfa 
bacteria. 

In  the  southern  states,  sweet  clover  should  be  seeded  in  the 
spring,  but  in  Kansas  and  in  states  farther  south,  late  summer 
or  early  fall  seeding  should  be  preferred.  If  sown  too  late  in  the 
fall  the  young  plants  are  likely  to  winter-kill.  When  the  plant 
produces  seed  it  dies,  but  by  pasturing  or  frequent  cutting, 
sweet  clover  may  be  made  to  continue  its  growth  during  the 
summer.  If  allowed  to  mature  seed  it  readily  re-seeds  itself  and 
maintains  its  stand.  As  a  weed,  it  is  often  so  persistent  that  many 
farmers  have  supposed  the  plant  to  be  perennial  and  difficult  to 
eradicate;  but  this  is  not  true.  A  single  year's  thorough  cultiva- 
tion of  the  soil  will  practically  clear  the  land  of  sweet  clover,  and  it 
may  be  largely  destroyed  by  mowing  when  the  plants  are  in  full 
bloom. 

Sweet  clover  may  often  be  advantageously  sown  in  old  pastures 
and  on  rough  land,  where,  when  it  becomes  established,  it  will  add 
much  to  the  amount  of  grazing.  By  improving  the  fertiUty  of  the 
soil,  it  will  cause  a  renewed  growth  of  other  grasses. 

There  are  two  common  varieties,  the  white-flowered  and  the 
yellow- flowered.  The  white-flowered  variety  is  a  ranker,  coarser 
grower  and  perhaps  a  better  fertilizer,  though  it  may  have  less 
value  for  hay  or  pasture.  The  yellow-flowered  sweet  clover  is 
less  coarse,  more  reclining  in  its  habit  of  growth  and  more  leafy 
than  is  the  other  variety.  It  would  seem  to  be  the  better  variety  for 
pasture  and  perhaps  for  hay.  It  is  not  so  widely  distributed  as 
the  white-flowered  variety  and  may  not  be  so  hardy.    There  seems 
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to  be  no  record  of  comparative  tests  of  these  varieties  to  prove 
their  relative  valae. 

BURR  CLOVER 

Burr  clover  is  not  hardy  in  Kansas,  but  succeeds  well  farther 
south.  It  is  a  fall  annual  or  biennial,  starting  early  in  the  autumn 
and,  in  a  mild  climate,  growing  late  in  the  winter.  It  matures  its 
seed  early  the  next  spring,  ripening  in  May.  It  has  considerable 
value  for  winter  pasture  in  the  southwestern  states,  but  its 
particular  value  lies  in  its  adaptability  as  a  catch-crop,  or  fertilizer. 


Conclusion 

In  this  bulletin  I  have  presented  certain  experimental  data 
which  have  been  secured  during  the  past  eight  years  by  myself 
and  my  assistants  in  the  Department  of  Agronomy  at  the  Kansas 
State  Agricultural  Elxperiment  Station.  I  have  also  attempted  to 
give  to  my  fellow  farmers  the  benefit  of  my  observation,  investiga- 
gation,  and  experience  along  this  line,  carefully  summarized  in  the 
general  information  and  suggestions  published  in  these  pages. 
I  hope  and  believe  that  this  bulletin  will  do  much  good. 

Few  of  us  have  even  begun  to  appreciate  the  value  of  grass  to 
permanent  and  successful  agriculture.  Without  grass  and  its 
allies,  clover  and  alfalfa,  profitable  agriculture  would  soon  cease. 
As  a  modem  agricultural  writer  puts  it:  **No  grass,  no  cattle; 
no  cattle,  no  manure;  no  manure,  no  grass,"  and  we  may  truth- 
fully add,  "no  crops."  We  have  the  saying,  "more  truth  than 
poetry. "  This  bulletin  is  not  poetical,  but  there  is  poetry  in  grass 
and  there  is  truth  in  poetry,  and  as  a  tribute  to  grass  and  also  to 
one  of  Kansas'  greatest  sons,  John  J.  Ingalls,  I  wish  to  conclude 
this  bulletin  by  quoting  Mr.  Ingalls'  magnificent  prose-poem: 

"Grass  is  the  forgiveness  of  Nature — her  constant  benediction. 
Fields  trampled  with  battle,  saturated  with  blood,  torn  with  the 
ruts  of  cannon,  grow  green  again  with  grass,  and  carnage  is 
forgotten.  Streets  abandoned  by  traffic  become  grass-grown 
like  rural  lanes,  and  obliterated.  Forests  decay,  harvests  perish, 
flowers  vanish,  but  grass  is  immortal.  Beleaguered  by  the  seven 
hosts  of  winter,  it  withdraws  into  the  impregnable  fortresses  of 
its  subterranean  vitality  and  emerges  upon  the  first  solicitation  of 
spring.  Sown  by  the  winds,  by  the  wandering  birds,  propagated 
by  the  subtle  horticulture  of  the  elements,  which  are  its  ministers 
and  servants,  it  softens  the  nude  outline  of  the  world.  Its 
tenacious  fibers  hold  the  earth  in  its  place  and  prevent  its  soluble 
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components  from  washing  into  the  wasting  sea.  It  invades  the 
solitudes  of  the  deserts,  climbs  the  inaccessible  slopes  and  for- 
bidden pinnacles  of  mountains,  modifies  climates,  and  determines 
the  history,  character,  and  destiny  of  nations.  Unobtrusive  and 
patient,  it  has  immortal  vigor  and  aggression.  Banished  from  the 
thoroughfare  and  the  field,  it  bides  its  time  to  return,  and  when 
vigilance  is  relaxed,  or  the  dynasty  ha»  perished,  it  silently  re- 
sumes the  throne  from  which  it  has  been  expelled,  but  which  it 
never  abdicates.  It  bears  no  blazonry  of  bloom  to  charm  the 
senses  with  fragrance  or  splendor,  but  its  homely  hue  is  more 
enchanting  than  the  lily  or  the  rose.  It  yields  no  fruit  in  earth  or 
air,  and  yet,  should  its  harvest  fail  for  a  single  year,  famine  would 
depopulate  the  world." 
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